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(57) ABSTRACT 

The display device is able to make an image of a dark scene 
to become easy to see without increasing a contrast. A 
composite video signal from an input terminal (1) is sup- 
plied to a separating circuit 2, in which it is separated to 
provide a luminance signal and two color-difference signals. 
The luminance signal thus separated is supplied to a 
dynamic gamma circuit (5). In this dynamic gamma circuit 
(5), its gamma correction curve between an input and an 
output thereof is changed in response to a control signal 
from a control circuit (11) in such a manner that an inter- 
mediate signal level is increased from approximately a 
straight line, for example. Then, the luminance signal thus 
gamma-corrected and two color-difference signals are con- 
verted by a converting circuit (6) into three primary color 
signals, and supplied through respective A/D-converting 
circuits (7R, 7G, 7B) to a display means (8) such as a plasma 
display or the like. Also, the luminance signal from the 
separating circuit (2) is supplied through a comparing circuit 
(9) to an integrating circuit (10). A signal from this inte- 
grating circuit (10) is supplied to the control circuit (11), 
from which there is generated a control signal whose mag- 
nitude corresponds to an average luminance level 
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DISPLAY DEVICE 

BACKGROUND OF THE INVENTION 
[0001] 1. Field of the Invention 

[0002] The present invention relates to a display device for 
use in displaying an image by using a display means such as 
a plasma display, a liquid-crystal display or the like. More 
particularly, this invention relates to a display device in 
which the whole of an image may be made easy to see by 
increasing an intermediate luminance level while its maxi- 
mum output is held at the constant level when an average 
luminance level of a displayed video signal is low. 

[0003] 2. Description of the Related Art 

[0004] Heretofore, in display devices using a display 
means such as a plasma display and a liquid-crystal display, 
a contrast of a display image is lowered when a viewer 
watches the displayed image in the bright circumstances, for 
example. In particular, when a dark scene in which an object 
luminance level is low is displayed, a displayed image 
becomes difficult to see. Contrary to this device, display 
devices using, for example, a cathode-ray tube have hitherto 
been adapted to automatically increase a contrast of a 
displayed image (increase an amplitude of a video signal) 
when a study of measured results of an average luminance 
level of a video signal or the like reveals that its average 
luminance level is lowered. 

[0005] In the display devices using the plasma display or 
the liquid-crystal display, for example, since a dynamic 
range of a luminance signal of these display devices is 
narrow, in order to effectively utilize this narrow dynamic 
range, it is customary that a margin of contrast is almost 
removed so that the maximum value of the amplitude of the 
ordinary video signal is already set to the limit of the 
dynamic range. There is then the risk that when a contrast is 
increased more than that, a white peal, for example, will be 
over the dynamic range and will be saturated. 

[0006] In a scene in which only one portion is bright in the 
whole of a dark object, for example, when the whole contrast 
is increased based on the measured results of the average 
luminance level, there is then the risk that the signal level of 
the bright portion will be over the dynamic range. As a 
consequence, in such scene, the video signal of the above- 
mentioned bright portion will be saturated to cause a so- 
called white compression. There is then the problem that a 
gradation of this bright portion cannot be expressed. 

[0007] The problems that the present invention intends to 
solve are that an image becomes difficult to see in the scene 
in which the object luminance level is low and that when the 
whole contrast is increased, in the scene in which only one 
portion is bright in the whole of the dark object, for example, 
this bright portion becomes the so-called white compression 
so that the gradation of this portion cannot be expressed. 

SUMMARY OF THE INVENTION 

[0008] In view of the aforesaid aspect, it is an object of the 
present invention to provide a display device in which an 
average luminance signal is measured from a luminance 
signal or three primary color signals or digital three primary 
color signals and a predetermined gamma correction, con- 
trolled by the average luminance signal, is carried out so 



that, while a maximum output of a video signal is held at a 
constant level, an intermediate luminance level is increased 
in a scene in which an object luminance level is low to 
thereby make an image of a dark scene become easy to see. 

[0009] According to the present invention, there is pro- 
vided a display device which is comprised of a separating 
circuit for separating a video signal inputted in the form of 
an analog signal to provide a luminance signal and color- 
difference signals or video signal input terminals to which 
the luminance signal and the color-difference signals are 
supplied separately, a converting circuit for converting the 
luminance signal and the color-difference signals into three 
primary color signals or primary signal input terminals to 
which the three primary color signals are supplied indepen- 
dently, and an A/D-converting means for converting the 
three primary color signals in the form of analog to digital 
signals or digital input terminals to which the thus digitally- 
converted three primary color signals are supplied indepen- 
dently, 

[0010] To attain the above-mentioned object, the display 
device according to the present invention comprises a means 
for measuring an average luminance level from the lumi- 
nance signal or the three primary color signals or the digital 
three primary color signals, and a correction means having 
a predetermined gamma correction curve controlled by an 
output signal from the measuring means. 

[0011] Since the gamma correction curve of the correction 
means is feedforward-controlled or feedback-controlled in 
response to the average luminance level from the measuring 
means, in a scene in which an object luminance level is low, 
an intermediate luminance level is increased to make an 
image of a dark scene become easy to see. In that case, since 
the maximum output of the video signal is held at the 
constant level, even in a scene in which only one portion is 
bright in the whole dark object, a gradation of the bright 
portion may be expressed satisfactorily. 

[0012] According to a first aspect of the present invention, 
there is provided a display device including a separating 
circuit for separating a video signal inputted in the form of 
an analog signal to provide a luminance signal and color- 
difference signals or video signal input terminals to which 
the luminance signal and the color-difference signals are 
supplied separately, a converting circuit for converting the 
luminance signal and the color-difference signals into three 
primary color signals or primary color signal input terminals 
to which the three primary color signals are supplied inde- 
pendently, and an A/D converting means for converting the 
three primary color signals in the form of analog to digital 
signals or digital input terminals to which the digitally- 
converted three primary color signals are supplied indepen- 
dently. This display device comprises a measuring means for 
measuring an average luminance level of the luminance 
signal supplied from the separating circuit or video signal 
input terminal or the three primary color signals supplied 
from the converting circuit or the primary color signal input 
terminals or the digitally-converted three primary color 
signals supplied from the A/D converting means or digital 
input terminals, and a gamma correction means having a 
gamma correction curve controlled by an output control 
signal from the measuring means. 

[0013] According to a second aspect of the present inven- 
tion, in the above-mentioned display device, the measuring 
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means includes a comparing means for being supplied with 
an analog luminance signal from the separating circuit or the 
video signal input terminals and for comparing the analog 
luminance signal with a predetermined level, an integrating 
circuit for integrating an output from the comparing circuit, 
and a control circuit for generating an output control signal 
based on an integrated value from the integrating circuit. 
[0014] According to a third aspect of the present inven- 
tion, in the above-mentioned display device, the measuring 
means includes an analog luminance signal generating cir- 
cuit for being supplied with analog three primary color 
signals from the converting circuit or the primary color 
signal input terminals and for generating an analog lumi- 
nance signal by adding the three primary color signals with 
a predetermined ratio, a comparing circuit for comparing the 
generated analog luminance signal with a predetermined 
level, an integrating circuit for integrating an output from the 
comparing circuit, and a control circuit for generating an 
output control signal based on an integrated value from the 
integrating circuit. 

[0015] According to a fourth aspect of the present inven- 
tion, in the above-mentioned display device, the measuring 
means includes a digital luminance signal generating circuit 
for being supplied with the digitally-converted three primary 
color signals from the A/D converting means or the digital 
input terminals and for generating a digital luminance signal 
by adding the digitally-converted three primary color signals 
with a predetermined ratio, a comparing circuit for compar- 
ing the generated digital luminance signal with a predeter- 
mined level, an integrating circuit for integrating an output 
from the integrating circuit, and a control circuit for gener- 
ating an output control signal based on an integrated value 
from the integrating circuit. 

[0016] According to a fifth aspect of the present invention, 
in the above mentioned display device, the gamma correc- 
tion curve of the gamma correction means has a control 
characteristic such that the gamma correction curve is made 
approximately a straight line when the level of the output 
control signal from the measuring means is large and that an 
intermediate signal level is increased as the level of the 
output control signal from the measuring means is lowered. 
[0017] According to a sixth aspect of the present inven- 
tion, in the above-mentioned display device, the gamma 
correction means is provided with respect to the analog 
luminance signal supplied from the separating circuit or the 
video signal input terminals, the output control signal from 
the measuring means is generated based on the analog 
luminance signal from the separating circuit or the video 
signal input terminals and the gamma correction means is 
feedforward -controlled by the output control signal from the 
measuring means. 

[0018] According to a seventh aspect of the present inven- 
tion, in the above-mentioned display device, the gamma 
correction means is provided with respect to the analog 
luminance signal supplied from the separating circuit or the 
video signal input terminals, the output control signal from 
the measuring means is generated based on the analog 
luminance signal outputted from the gamma correction 
means and the gamma correction means is feedback-con- 
trolled by the output control signal from the measuring 
means. 

[0019] According to an eight aspect-of the present inven- 
tion, in the above-mentioned display device, the gamma 



correction means is provided with respect to the analog 
luminance signal supplied from the separating circuit or the 
video signal input terminals, the output control signal from 
the measuring means is generated based on the analog three 
primary color signals outputted from the converting circuit 
and the gamma correction means is feedback-controlled by 
the output control signal from the measuring means. 

[0020] According to a ninth aspect of the present inven- 
tion, in the above-mentioned display device, the gamma 
correction means is provided with respect to the analog 
luminance signal from the separating circuit or the video 
signal input terminals, the output control signal supplied 
from the measuring means is generated based on the digi- 
tally-converted three primary color signals outputted from 
an A/D converting means and the gamma correction means 
is feedback-controlled by the output control signal from the 
measuring means. 

[0021] According to a tenth aspect of the present inven- 
tion, in the above-mentioned display device, the gamma 
correction means is provided with respect to the analog 
luminance signal supplied from the separating circuit or the 
video signal input terminals, and also provided with a color 
gain control means in order to control levels of two color- 
difference signals comprising the video signal in response to 
the measured average luminance level, the output control 
signal from the measuring means is generated based on the 
analog luminance signal supplied from the separating circuit 
or the video signal input terminals, and the gamma correc- 
tion means and the color gain control means are feedfor- 
ward-controlled by the output control signal from the mea- 
suring means. 

[0022] According to an eleventh aspect of the present 
invention, in the above-mentioned display device, the 
gamma correction means is provided with respect to the 
analog luminance signal supplied from the separating circuit 
or the video signal input terminals, also provided with a 
color gain control means in order to control levels of two 
color-difference signals comprising the video signal in 
response to the measured average luminance level, the 
output control signal from the measuring means is generated 
based on the analog luminance signal supplied from the 
gamma correction means, and the gamma correction means 
and the color gain control means are feedback-controlled by 
the output control signal from the measuring means. 

[0023] According to a twelfth aspect of the present inven- 
tion, in the above-mentioned display device, the gamma 
correction means is provided with respect to the analog 
luminance signal supplied from the separating circuit or the 
video signal input terminals, also provided with a color gain 
control means in order to control levels of two color- 
difference signals comprising the video signal in response to 
the measured average luminance level, the output control 
signal from the measuring means is generated based on the 
analog three primary color signals outputted from the con- 
verting means and the gamma correction means and the 
color gain control means are feedback-controlled by the 
output control signal from the measuring means. 

[0024] According to a thirteenth aspect of the present 
invention, in the above-mentioned display device, the 
gamma correction means is provided with respect to the 
analog luminance signal supplied from the separating circuit 
or the video signal input terminals, also provided with a 
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color gain control means in order to control levels of two 
color-difference signals comprising the video signal in 
response to the measured average luminance level, the 
output control signal from the measuring means is generated 
based on the digitally-converted three primary color signals 
outputted from the A/D converting means, and the gamma 
correction means and the color gain control means are 
feedback-controlled by the output control signal from the 
measuring means. 

[0025] According to a fourteenth aspect of the present 
invention, in the above-mentioned display device, the 
gamma correction means are provided with respect to 
respective three primary color signals outputted from the 
converting circuit, the output control signal from the mea- 
suring means is generated based on the analog luminance 
signal supplied from the separating circuit or the video 
signal input terminals, and the gamma correction means are 
respectively feedforward-controlled by the output control 
signal from the measuring means. 

[0026] According to a fifteenth aspect of the present 
invention, in the above-mentioned display device, the 
gamma correction means are provided with respect to the 
respective three primary color signals outputted from the 
converting circuit or the primary color signal input termi- 
nals, the output control signal from the measuring means is 
generated based on the analog three primary color signals 
supplied from the converting circuit or the primary color 
signal input terminals, and the gamma correction means are 
respectively feedforward-controlled by the output control 
signal from the measuring means. 

[0027] According to a sixteenth aspect of the present 
invention, in the above-mentioned display device, the 
gamma correction means are provided with respect to the 
respective three primary color signals supplied from the 
converting circuit or the primary color signal input termi- 
nals, the output control signal from the measuring means is 
generated based on the analog three primary color signals 
outputted from the gamma correction means, and the gamma 
correction means are respectively feedback-controlled by 
the output control signal from the measuring means. 

[0028] According to a seventeenth aspect of the present 
invention, in the above-mentioned display device, the 
gamma correction means are provided with respect to the 
respective three primary color signals supplied from the 
converting circuit or the primary color signal input termi- 
nals, the output control signal from the measuring means is 
generated based on the digitally-converted three primary 
color signals outputted from the A/D converting means, and 
the gamma correction means are respectively feedback- 
controlled by the output control signal from the measuring 
means. 

[0029] According to an eighteenth aspect of the present 
invention, in the above-mentioned display device, the 
gamma correction means are provided with respect to the 
respective digitally-converted three primary color signals 
outputted from the A/D converting means, the output control 
signal from the measuring means is generated based on the 
analog luminance signal supplied from the separating circuit 
or the video signal input terminals, and the gamma correc- 
tion means are respectively feedforward-controlled by the 
output control signal from the measuring means. 
[0030] According to a nineteenth aspect of the present 
invention, in the above-mentioned display device, the 



gamma correction means are provided with respect to the 
respective digitally-converted three primary color signals 
outputted from the A/D converting means, the output control 
signal from the measuring means is generated based on the 
analog three primary color signals supplied from the con- 
verting circuit or the primary color input terminals, and the 
gamma correction means are respectively feedforward-con- 
trolled by the output control signal from the measuring 
means. 

[0031] According to a twentieth aspect of the present 
invention, in the above-mentioned display device, the 
gamma correction means are provided with respect to the 
respective digitally-converted three primary color signals 
supplied from the A/D converting means or the digital input 
terminals, the output control signal from the measuring 
means is generated based on the digitally-converted three 
primary color signals supplied from the A/D converting 
means or the digital input terminals, and the gamma cor- 
rection means are respectively feedforward-controlled by 
the output control signal from the measuring means. 

[0032] In accordance with a twenty-first aspect of the 
present invention, in the above-mentioned display device, 
the gamma correction means are provided with respect to the 
respective three primary color signals supplied from the A/D 
converting means or the digital input terminals, the output 
control signal from the measuring means is generated based 
on the digital three primary color signals outputted from the 
gamma correction means, and the gamma correction means 
are respectively feedback-controlled by the output control 
signal from the measuring means. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0033] FIG. 1 is a block diagram showing a display device 
according to a first embodiment of the present invention; 

[0034] FIG. 2 is a characteristic graph used to explain an 
operation of the display device according to the present 
invention shown in FIG. 1; 

[0035] FIG. 3 is a circuit diagram showing a main portion 
of the display device according to the present invention 
shown in FIG. 1; 

[0036] FIG. 4 is a characteristic graph used to explain an 
operation of the circuit diagram shown in FIG. 3; 

[0037] FIG. 5 is a block diagram showing a display device 
according to a second embodiment of the present invention; 

[0038] FIG. 6 is a block diagram showing a display device 
according to a third embodiment of the present invention; 

[0039] FIG. 7 is a block diagram showing a display device 
according to a fourth embodiment of the present invention; 

[0040] FIG. 8 is a block diagram showing a display device 
according to a fifth embodiment of the present invention; 

[0041] FIG. 9 is a block diagram showing a display device 
according to a sixth embodiment of the present invention; 

[0042] FIG. 10 is a block diagram showing a display 
device according to a seventh embodiment of the present 
invention; 

[0043] FIG. 11 is a block diagram showing a display 
device according to an eight embodiment of the present 
invention; 
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[0044] FIG. 12 is a block diagram showing a display 
device according to a ninth embodiment of the present 
invention; 

[0045] FIG. 13 is a block diagram showing a display 
device according to a tenth embodiment of the present 
invention; 

[0046] FIG. 14 is a block diagram showing a display 
device according to an eleventh embodiment of the present 
invention; 

[0047] FIG. 15 is a block diagram showing a display 
device according to a twelfth embodiment of the present 
invention; 

[0048] FIG. 16 is a block diagram showing a display 
device according to a thirteenth embodiment of the present 
invention; 

[0049] FIG. 17 is a block diagram showing a display 
device according to a fourteenth embodiment of the present 
invention; 

[0050] FIG. 18 is a block diagram showing a display 
device according to a fifteenth embodiment of the present 
invention; and 

[0051] FIG. 19 is a block diagram showing a display 
device according to a sixteenth embodiment of the present 
invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0052] The present invention will hereinafter be described 
with reference to the accompanying drawings. 

[0053] FIG. 1 of the accompanying drawings is a block 
diagram showing a display device according to a first 
embodiment of the present invention. 

[0054] Referring to FIG. 1, the display device includes an 
input terminal 1 to which there is supplied a composite video 
signal (video signal), for example. The composite video 
signal from this input terminal 1 is supplied to a separating 
circuit 2 which separates the composite video signal, for 
example, to provide a luminance signal (Y) and two color- 
difference signals (R-Y), (B-Y). The luminance signal (Y) 
and the two color-difference signals (R-Y) and (B-Y) sepa- 
rated by the separating circuit 2 are supplied to change-over 
switches 3Y, 3R, 3B, in which they are switched from 
signals supplied from an input terminal (component input 
terminal) 4 to which a luminance signal (Y) and two 
color-difference signals (R-Y), (B-Y), for example, are 
supplied, respectively. 

[0055] The luminance signal (Y) from this change-over 
switch 3Y is supplied to a gamma correction device 
(dynamic gamma circuit) 5 having a gamma correction 
curve that is controlled by an output control signal Vc from 
a control circuit 11 which will be described later on. The 
dynamic control circuit 5 is controlled by the output control 
signal Vc from the control circuit 11, which will be 
described later on, in such a manner that a gamma correction 
curve between an input and output thereof, for example, is 
presented as shown in FIG. 2, for example. Specifically, the 
dynamic control circuit 5 is controlled in response to the 
level of the output control signal Vc in such a manner that 
the intermediate signal level of the input and output correc- 



tion curve is increased from approximately a straight line as 
shown by an arrow in FIG. 2, for example. 

[0056] Further, the corrected luminance signal (Y) from 
the dynamic gamma circuit 5 and the two color-difference 
signals (R-Y), (B-Y) from the above-mentioned change- 
over switches 3R, 3B are respectively supplied to a con- 
verting circuit 6, in which they are converted into three 
primary color signals of red (R), green (G), blue (B), for 
example. The three primary color signals (R/G/B) thus 
converted by this converting circuit 6 are respectively sup- 
plied to A/D (analog-to-digital) converting circuits 7R, 7G, 
7B, and resultant digital three primary color signals (R/G/B) 
are supplied from the A/D converting circuits 7R, 7G, 7B to 
a display device 8 such as a plasma display and a liquid- 
crystal display. 

[0057] On the other hand, the luminance signal (Y) from 
the change-over switch 3Y is supplied to a comparing circuit 
9, which compares a supplied signal with an arbitrary 
reference level, and thereby converted into a square -wave 
signal which goes to "0" when it is higher than the reference 
level and which goes to "1" when it is lower than the 
reference level. This square-wave signal is integrated by an 
integrating circuit 10 in which generated is a signal indica- 
tive of an average luminance signal of the above-mentioned 
luminance signal (Y). Incidentally, this integrating circuit 10 
is of a 5V-system circuit, for example. Therefore, the signal 
thus generated is supplied to the control circuit 11 which 
effects the voltage-conversion from 5V to 12V, for example, 
in order to establish an electrical interface between the 
integrating circuit 10 and the dynamic gamma circuit 5. 
Then, the output control signal Vc thus voltage-converted by 
this control circuit 11 is supplied to the dynamic gamma 
circuit 5. 

[0058] In this manner, in this display device, the average 
luminance level of the luminance signal (Y) supplied from 
the separating circuit 2, for example, or the component input 
terminal 4 through the change-over switch 3Y is measured 
by the measuring means comprising the comparing circuit 9 
to the control circuit 11. Further, the output control signal Vc 
corresponding to the average luminance level measured by 
this measuring means is supplied from the control circuit 11 
to the dynamic gamma circuit 5. Then, the gamma correction 
curve of the above-mentioned dynamic gamma circuit 5 is 
feedforward-controlled in such a fashion that the gamma 
correction curve between input and output is presented as 
approximately a straight fine when the average luminance 
level, for example, is large and that the intermediate signal 
level, for example, of the gamma correction between input 
and output is increased when the average luminance level is 
low. 

[0059] Accordingly, since this display device includes the 
measuring means for measuring the average luminance level 
of the video signal to be displayed and the gamma correction 
means controlled by the output control signal from this 
measuring means, the gamma correction curve is controlled 
in response to the average luminance level of the displayed 
video signal, whereby the intermediate luminance level 
increases in the scene in which a luminance level of an 
object is low to thereby make an image of a dark scene 
become easy to see. At the same time, in that case, since the 
maximum output of the video signal is held at the constant 
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level, even in the scene in which one portion is bright in the 
whole of the dark object, a gradation of bright portion may 
be expressed satisfactorily. 

[0060] In the conventional display device, it is frequently 
observed that an image becomes difficult to see in the scene 
in which a luminance level of an object, for example, is low. 
To solve this problem, when a contrast in the whole of the 
object is increased, even in the scene in which one portion 
is bright in the whole of the dark object, for example, this 
bright portion becomes a so-called white compression. 
There then arises a problem that the gradation of this portion 
cannot b expressed. According to the present invention, 
these problems may be solved with ease. 

[0061] FIG. 3 shows an example of a specific circuit 
arrangement that can realize the above-mentioned dynamic 
gamma circuit 5. As shown in FIG. 3, the luminance signal 
(Y) from the above-mentioned change-over switch 3Y, for 
example, is supplied to an input terminal 30. The output 
control signal (voltage) Vc is supplied from the above- 
mentioned control circuit 11 to a control terminal 31. Then, 
the luminance signal (Y) supplied to the input terminal 30 is 
supplied to a gain control circuit 32 which is controlled by 
the above-mentioned output control signal Vc, for example, 
and a signal from this gain control circuit 32 is supplied to 
a pedestal clamp circuit 33. 

[0062] An output terminal of this pedestal clamp circuit 33 
is connected to the base of an npn-type transistor 34. The 
collector of this transistor 34 is connected to a power-supply 
line 35 of a power supply Vcc. The emitter of this transistor 
34 is connected to the ground through a resistor 36, and an 
output terminal 38 is led out from the emitter of this 
transistor 34 through a resistor 37. 

[0063] On the other hand, the control terminal 31 to which 
the above-mentioned output control signal (voltage) Vc is 
supplied is connected to the base of an npn-type transistor 
39. Then, the emitter of this transistor 39 is connected to the 
ground through a resistor 40. Also, the collector of this 
transistor 39 is connected to the power-supply line 35 of the 
power supply Vcc through a resistor 41. The collector of this 
transistor 39 is connected to the base of an npn-type tran- 
sistor 42. 

[0064] Further, the collector of this transistor 42 is con- 
nected to the power-supply line 35 of the power-supply Vcc. 
Also, the emitter of this transistor 42 is connected through 
a resistor 43 to an integrating circuit comprising a resistor 44 
and a capacitor 45. Further, a junction (a) between the 
resistor 43 and the integrating circuit is connected to the base 
of a pnp-type transistor 46. Then, the collector of this 
transistor 46 is connected to the ground, and the emitter of 
this transistor 46 is connected through a resistor 47 to a 
junction between the resistor 37 and the output terminal 38. 

[0065] In this circuit shown in FIG. 3, the above-men- 
tioned gain control circuit 32 has such an arrangement that 
the gain of the input and output characteristic increases as 
the output control signal (voltage) Vc increases, for 
example. Then, the luminance signal (Y) supplied to the 
input terminal 30 is supplied through this gain control circuit 
32 to the pedestal clamp circuit 33. The video signal whose 
pedestal is clamped by this pedestal clamp circuit 33 is 
supplied through an emitter-follower of the transistor 34 to 
a "polygonal line circuit" comprising the resistors 37, 47 and 
the transistor 46. 



[0066] In this "polygonal line circuit", if the signal level at 
the emitter (junction b) of the transistor 34 is lower than 
[voltage at the above-mentioned junction a+base-emitter 
voltage Vbe of the transistor 46], then although the transistor 

46 is turned off, the signal level at the junction b is 
developed at the output terminal 38 as it is. On the other 
hand, if the signal level at the junction b becomes higher 
than [voltage at the above-mentioned junction a+base-emit- 
ter voltage Vbe of the transistor 46], then the transistor 46 is 
turned on so that the signal level at the junction b is divided 
by the resistors 37, 47 and then developed at the output 
terminal 38. 

[0067] Specifically, in this "polygonal line circuit", when 
the signal level at the junction b is lower than [voltage at the 
above-mentioned junction a+base-emitter voltage Vbe of the 
transistor 46], the gain thereof becomes "1". When this 
signal level becomes higher than the above-mentioned volt- 
age, the gain thereof becomes smaller than "1" that is 
determined by the resistance ratio between the resistors 37, 

47 with the result that the input and output characteristic is 
bent at the point of the [voltage at the above-mentioned 
junction a+base-emitter voltage Vbe of the transistor 46], 

[0068] An operation of the circuit shown in FIG. 3 will be 
described below. When the correction is not carried out since 
the output control signal Vc is not supplied to the control 
terminal 31, the signal supplied to the input terminal 30 is 
outputted to the output terminal 38 as it is. On the other 
hand, when the voltage of the output control signal Vc 
supplied to the control terminal 31 increases, the circuit 
comprised of the transistors 39, 42 and the resistors 40, 41, 
43, 44 lowers the voltage at the junction a to cause the input 
and output characteristic to be bent at the portion in which 
the signal level is high. 

[0069] Further, when the voltage of the output control 
signal Vc is increased, then the gain of the portion in which 
the signal level is low is increased by the gain control circuit 
32. At the same time, the signal level obtained at the portion 
in which the input and output characteristic is bent is 
lowered so that the gain of the portion above that point is 
decreased. Thus, there is generated an input and output 
characteristic shown in FIG. 4, for example. 

[0070] That is, in the circuit shown in FIG. 3, if the 
voltage of the output control signal Vc is increased progres- 
sively, then the gamma correction curve between input and 
output is controlled in such a manner that its intermediate 
signal level is increased from approximately a straight line 
as shown by the arrow in FIG. 4. Also, at that time, by the 
cooperation of the gain control circuit 32 and the polygonal 
line circuit, it is possible to hold the maximum value Vomax 
of the output level, for example, at the constant level. 

[0071] Accordingly, in this circuit, while the maximum 
value Vomax of the output level is held at the constant level, 
the polygonal points may be moved in unison with the gain 
and the intermediate luminance level may be changed 
dynamically, thereby making it possible to effect the cor- 
rection without damaging the gradation of the white peak. 
Moreover, this circuit does not need any special integrated 
circuit and a complex circuit or the like so that this circuit 
may be realized by a simple arrangement at a low cost. 

[0072] FIG. 5 is a block diagram showing a display device 
according to a second embodiment of the present invention. 



03/20/2003, EAST Version: 1.03.0002 



US 2002/0033830 Al 



6 



Mar. 21, 2002 



[0073] Referring to FIG. 5, the display device includes an 
input terminal 1 to which there is supplied a composite video 
signal (video signal), for example. The composite video 
signal from this input terminal 1 is supplied to a separating 
circuit 2 which separates the composite video signal, for 
example, to provide a luminance signal (Y) and two color- 
difference signals (R-Y), (B-Y). The luminance signal (Y) 
and the two color-difference signals (R-Y) and (B-Y) sepa- 
rated by the separating circuit 2 are supplied to change-over 
switches 3Y, 3R, 3B, in which they are switched from 
signals supplied from an input terminal (component input 
terminal) 4 to which a luminance signal (Y) and two 
color-difference signals (R-Y), (B-Y), for example, are 
supplied, respectively. 

[0074] The luminance signal (Y) from this change-over 
switch 3Y is supplied to a gamma correction device 
(dynamic gamma circuit) 5 having a gamma correction 
curve that is controlled by an output control signal Vc from 
a control circuit 11 which will be described later on. The 
dynamic control circuit 5 is controlled by the output control 
signal Vc from the control circuit 11, which will be 
described later on, in such a manner that an input and output 
gamma correction curve, for example, is presented as shown 
in FIG. 2, for example. Specifically, the dynamic control 
circuit 5 is controlled by the output control signal Vc in such 
a manner that the intermediate signal level of the gamma 
correction curve between input and output is increased from 
approximately a straight line as shown by an arrow in FIG. 
2, for example. 

[0075] Further, the corrected luminance signal (Y) from 
the dynamic gamma circuit 5 and the two color-difference 
signals (R-Y), (B-Y) from the above-mentioned change- 
over switches 3R, 3B are all supplied to a converting circuit 
6, in which they are converted into three primary color 
signals of red (R), green (G), blue (B), for example. The 
three primary color signals (R/G/B) thus converted by this 
converting circuit 6 are respectively supplied to A/D (ana- 
log-to-digital) converting circuits 7R, 7G, 7B, and resultant 
digital three primary color signals (R/G/B) are supplied from 
the A/D converting circuits 7R, 7G, 7B to a display device 
8 such as a plasma display or a liquid-crystal display. 

[0076] Further, the luminance signal (Y) from the dynamic 
gamma circuit 5 is supplied to a comparing circuit 9 to be 
compared with an arbitrary reference level and thereby 
converted into a square-wave signal which goes to "0" when 
it is higher than the reference level and which goes to "1" 
when it is lower than the reference level. This square-wave 
signal is integrated by an integrating circuit 10 and thereby 
generated as the signal indicative of the average luminance 
signal of the above-mentioned luminance signal (Y). Inci- 
dentally, this integrating circuit 10 is of a 5V-system circuit, 
for example. Therefore, the signal thus generated is supplied 
to a control circuit 11 which effects the voltage -conversion 
from 5V to 12V, for example, in order to establish an 
electrical interface between the integrating circuit 10 and the 
dynamic gamma circuit 5. Then, the output control signal Vc 
thus voltage-converted by this control circuit 11 is supplied 
to the dynamic gamma circuit 5. 

[0077] In this manner, in this display device, the average 
luminance level of the luminance signal (Y) outputted from 
the dynamic gamma circuit 5 is measured by the measuring 
means comprising the comparing circuit 9 to the control 



circuit 11. Further, the output control signal Vc correspond- 
ing to the average luminance level measured by this mea- 
suring means is supplied from the control circuit 11 to the 
dynamic gamma circuit 5. Then, the gamma correction 
curve of the above-mentioned dynamic gamma circuit 5 is 
feedback-controlled in such a fashion that the gamma cor- 
rection between input and output becomes approximately a 
straight line when the average luminance level is large and 
that the intermediate signal level, for example, is increased 
when the average luminance level becomes small. 

[0078] Accordingly, since this display device includes the 
measuring means for measuring the average luminance level 
of the video signal to be displayed and the gamma correction 
means controlled by the output control signal from this 
measuring means, the gamma correction curve is controlled 
in response to the average luminance level of the video 
signal to be displayed, whereby the intermediate luminance 
level increases in the scene in which a luminance level of an 
object is low to thereby make an image of a dark scene 
become easy to see. At the same time, in that case, since the 
maximum output of the video signal is held at the constant 
level, even in the scene in which one portion is bright in the 
whole of the dark object, a gradation of bright portion may 
be expressed satisfactorily. 

[0079] FIG. 6 is a block diagram showing a display device 
according to a third embodiment of the present invention. 

[0080] As shown in FIG. 6, the display device includes an 
input terminal 1 to which a composite video signal (video 
signal), for example, is supplied. The composite video signal 
from this input terminal 1 is supplied to a separating circuit 
2 which separates the composite video signal, for example, 
to provide a luminance signal (Y) and two color-difference 
signals (R-Y), (B-Y). Further, the luminance signal (Y) and 
the two color-difference signals (R-Y), (B-Y) separated by 
this separating circuit 2 are respectively supplied to change- 
over switches 3Y, 3R, 3B, in which they are respectively 
switched from the signals from an input terminal (compo- 
nent input terminal) 4 to which the luminance signal (Y) and 
the two color-difference signals (R-Y), (B-Y) are supplied 
respectively. 

[0081] The luminance signal (Y) from this change-over 
switch 3Y is supplied to a gamma correction means 
(dynamic gamma circuit) 5 having a gamma correction 
curve controlled by an output control circuit 11 which will 
be described later on. In the dynamic gamma circuit 5, a 
gamma correction characteristic curve between its input and 
output, for example, is controlled by the output control 
signal Vc from the control circuit 11, which will be 
described later on, in such a way as shown in FIG. 2, for 
example. That is, the correction curve between the input and 
output thereof is controlled as shown by the arrow in FIG. 
2 in response to the magnitude of the output control signal 
Vc in such a manner that the intermediate signal level is 
increased from approximately a straight line. 

[0082] Further, the corrected luminance signal (Y) from 
the dynamic gamma circuit 5 and the two color-difference 
signals (R-Y), (B-Y) from the above-mentioned change- 
over switches 3R, 3B are all supplied to a converting circuit 
6, in which they are converted into three primary color 
signals of red (R), green (G), blue (B). Then, the three 
primary color signals (R/G/B) thus converted by this con- 
verting circuit 6 are respectively supplied to A/D converting 
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circuits 7R, 7G, 7B from which the three primary color 
signals (R/G/B) thus digitally-converted axe supplied to a 
display means 8 such as a plasma display or a liquid -crystal 
display. 

[0083] Also, the three primary color signals (R/G/B) thus 
converted by the above-mentioned converting circuit 6 are 
supplied to an analog luminance signal generating circuit 
12A. This luminance signal generating circuit 12A generates 
a luminance signal (Y) by adding the three primary color 
signals (R/G/B) with a predetermined ratio, e.g. at a ratio of 
Y=0.30R+0.59G+0.11B in the case of the NTSC system. 
The thus generated luminance signal (Y) is supplied to a 
comparing circuit 9, which compares a supplied luminance 
signal with an arbitrary reference level, and thereby con- 
verted into a square-wave signal which goes to "0" when it 
is higher than the reference level and which goes to "1" 
when it is lower than the reference level. 

[0084] Further, an integrating circuit 10 integrates this 
square -wave signal to generate a signal indicative of the 
average luminance level of the above-mentioned luminance 
signal (Y). Incidentally, this integrating circuit 10 is of a 
5V-system circuit, for example. Accordingly, the above- 
mentioned generated signal is supplied to the control circuit 
11 which effects the voltage-conversion from 5Vto 12V, for 
example, in order to establish an electrical interface between 
the above-mentioned dynamic gamma circuit 5 and the 
integrating circuit 10, Then, the output control signal Vc 
thus voltage-converted by this control circuit 11 is supplied 
to the dynamic gamma circuit 5. 

[0085] As described above, according to this display 
device, the luminance signal Y is generated from the three 
primary color signals (R/G/B) converted by the converting 
circuit 6, and the average luminance level of this luminance 
signal (Y) is measured by the measuring means comprising 
the comparing circuit 9 to the control circuit 11. Further, the 
output control signal Vc, which corresponds to the average 
luminance level measured by this measuring means, from 
the control circuit 11 is supplied to the dynamic gamma 
circuit 5. Then, the gamma correction curve of the above- 
mentioned dynamic gamma circuit 5 is feedback-controlled 
in such a manner that the gamma correction between input 
and output becomes approximately a straight line when the 
average luminance level, for example, is large and that the 
intermediate signal level, for example, is increased when the 
average luminance level becomes small. 
[0086] Accordingly, since this display device includes the 
measuring means for measuring the average luminance level 
of the video signal to be displayed and the gamma correction 
means controlled by the output control signal from this 
measuring means, the gamma correction curve is controlled 
in response to the average luminance level of the video 
signal to be displayed, whereby the intermediate luminance 
level increases in the scene in which a luminance level of an 
object is low to thereby make an image of a dark scene 
become easy to see. At the same time, in that case, since the 
maximum output of the video signal is held at the constant 
level, even in the scene in which one portion is bright in the 
whole of the dark object, a gradation of bright portion may 
be expressed satisfactorily. 

[0087] FIG. 7 is a block diagram showing a display device 
according to a fourth embodiment of the present invention. 
[0088] As shown in FIG. 7, the display device includes an 
input terminal 1 to which a composite video signal (video 



signal), for example, is supplied. The composite video signal 
from this input terminal 1 is supplied to a separating circuit 
2 which separates the composite video signal, for example, 
to provide a luminance signal (Y) and two color-difference 
signals (R-Y), (B-Y). Further, the luminance signal (Y) and 
the two color-difference signals (R-Y), (B-Y) separated by 
this separating circuit 2 are supplied to change-over switches 
3Y, 3R, 3B, in which they are respectively switched from the 
signals from an input terminal (component input terminal) 4 
to which the luminance signal (Y) and the two color- 
difference signals (R-Y), (B-Y) are supplied respectively. 

[0089] The luminance signal (Y) from this change-over 
switch 3Y is supplied to a gamma correction means 
(dynamic gamma circuit) 5 having a gamma correction 
curve controlled by the output control signal Vc from an 
output control circuit 11 which will be described later on. In 
the dynamic gamma circuit 5, a gamma correction charac- 
teristic curve between its input and output, for example, is 
controlled by the output control signal Vc from the control 
circuit 11, which will be described later on, in such a way as 
shown in FIG. 2, for example. That is, the gamma correction 
curve between input and output is controlled as shown by the 
arrow in FIG. 2 in response to the magnitude of the output 
control signal Vc in such a manner that the intermediate 
signal level is increased from approximately a straight line. 

[0090] Further, the corrected luminance signal (Y) from 
the dynamic gamma circuit 5 and the two color-difference 
signals (R-Y), (B-Y) from the above-mentioned change- 
over switches 3R, 3B are all supplied to a converting circuit 
6, in which they are converted into three primary color 
signals of red (R), green (G), blue (B), for example. Then, 
the three primary color signals (R/G/B) thus converted by 
this converting circuit 6 are respectively supplied to A/D 
converting circuits 7R, 7G, 7B from which the three primary 
color signals (R/G/B) thus digitally-converted are supplied 
to a display means 8 such as a plasma display or a liquid- 
crystal display. 

[0091] Also, the three primary color signals (R/G/B) thus 
digitally converted by the above-mentioned A/D converting 
circuits 7R, 7G, 7B are supplied to a digital luminance signal 
generating circuit 12D. The three primary color signals 
(R/G/B) outputted from the A/D converting circuits 7R, 7G, 
7B are digital signals in which a sampling frequency, for 
example, is 30 MHz and the quantization bit number is 8 bits 
(quantization value ranges from 0 to 255). This luminance 
signal generating circuit 12D generates a luminance signal 
(Y) by adding the three primary color signals (R/G/B) with 
a predetermined ratio, e.g. at a ratio of Y=0.30R+0.59G+ 
0.11B in the case of the NTSC system. 

[0092] The thus generated luminance signal (Y: digital 
value) is supplied to a comparing circuit 9, which compares 
a supplied luminance signal with an arbitrary reference 
level, e.g. quantization value 100, and thereby converted 
into a square-wave signal which goes to "0" when it is 
higher than the reference level and which goes to "1" when 
it is lower than the reference level. An integrating circuit 10 
integrates this square-wave signal to generate a signal (ana- 
log value) indicative of the average luminance level of the 
above-mentioned luminance signal (Y). Incidentally, this 
integrating circuit 10 is of the 5V-system circuit, for 
example. Accordingly, the above-mentioned generated sig- 
nal is supplied to the control circuit 11 which effects the 
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voltage-conversion from 5 V to 12V, for example, in order to 
establish the electrical interface between the above-men- 
tioned dynamic gamma circuit 5 and the integrating circuit 
10. Then, the output control signal Vc thus voltage-con- 
verted by this control circuit 11 is supplied to the dynamic 
gamma circuit 5. 

[0093] As described above, according to this display 
device, the luminance signal (Y: digital value) is generated 
from the three primary color signals (R/G/B) thus converted 
by the A/D converting circuits 7R, 7G, 7B, and the average 
luminance level (analog value) of the luminance signal (Y) 
is measured by the measuring means comprising the com- 
paring circuit 9 to the control circuit U. Further, the output 
control signal Vc, which corresponds to the average lumi- 
nance level measured by this measuring means, from the 
control circuit 11 is supplied to the dynamic gamma circuit 
5. Then, the gamma correction curve of the above-men- 
tioned dynamic gamma circuit 5 is feedback-controlled in 
such a manner that the gamma correction between input and 
output becomes approximately a straight line when the 
average luminance level, for example, is large and that the 
intermediate signal level, for example, is increased when the 
average luminance level becomes small. 

[0094] Accordingly, since this display device includes the 
measuring means for measuring the average luminance level 
of the video signal to be displayed and the gamma correction 
means controlled by the output control signal from this 
measuring means, the gamma correction curve is controlled 
in response to the average luminance level of the video 
signal to be displayed, whereby the intermediate luminance 
level increases in the scene in which a luminance level of an 
object is low to thereby make an image of a dark scene 
become easy to see. At the same time, in that case, since the 
maximum output of the video signal is held at the constant 
level, even in the scene in which one portion is bright in the 
whole of the dark object, a gradation of bright portion may 
be expressed satisfactorily. 

[0095] In the above-mentioned apparatus, by the way, 
since the signal levels are related to not the brightness but a 
color saturation degree with respect to the two color-differ- 
ence signals (R-Y) and (B-Y), the two color-difference 
signals (R-Y) and (B-Y) cannot be processed by the gamma 
correction similarly to the luminance signal (Y). However, it 
is considered that when only the luminance signal (Y) is 
increased by the correction, for example, the color saturation 
degree is lowered relatively to thereby cause colors to 
become plain. Therefore, with respect to the two color- 
difference signals (R-Y) and (B-Y), by the provision of a 
color gain control circuit in which the gain of input and 
output characteristics is increased as the control signal 
(voltage) Vc, for example, is increased, it is possible to solve 
the problem in which the color saturation degree is lowered 
relatively. 

[0096] FIG. 8 is a block diagram showing a display device 
including such a color gain control circuit according to a 
fifth embodiment of the present invention. 

[0097] As shown in FIG. 8, the display device includes an 
input terminal 1 to which a composite video signal (video 
signal), for example, is supplied. The composite video signal 
from this input terminal 1 is supplied to a separating circuit 
2 which separates the composite video signal, for example, 
to provide a luminance signal (Y) and two color-difference 



signals (R-Y), (B-Y). Further, the luminance signal (Y) and 
the two color-difference signals (R-Y), (B-Y) separated by 
this separating circuit 2 are respectively supplied to change- 
over switches 3Y, 3R, 3B, in which they are respectively 
switched from the signals from an input terminal (compo- 
nent input terminal) 4 to which the luminance signal (Y) and 
the two color-difference signals (R-Y), (B-Y) are supplied 
respectively 

[0098] The luminance signal (Y) from this change-over 
switch 3Y is supplied to a gamma correction means 
(dynamic gamma circuit) 5 having a gamma correction 
curve controlled by an output control signal Vc from an 
output control circuit 11 which will be described later on. In 
the dynamic gamma circuit 5, a gamma correction charac- 
teristic curve between its input and output, for example, is 
controlled by the output control signal Vc from the control 
circuit U, which will be described later on, in such a way as 
shown in FIG. 2, for example. That is, the gamma correction 
curve between input and output is controlled as shown by the 
arrow in FIG. 2 in response to the magnitude of the output 
control signal Vc in such a manner that the intermediate 
signal level is increased from approximately a straight line. 

[0099] Also, the two color-difference signals (R-Y) and 
(B-Y) from the change-over switches 3R, 3B are supplied to 
a color gain control circuit 13 which is controlled by the 
output control signal Vc from the control circuit 11 which 
will be described later on. Here, the color gain control circuit 
13 is arranged such that the gain of input and output 
characteristics is increased as the control signal (voltage) 
Vc, for example, is increased. 

[0100] Further, the corrected luminance signal (Y) from 
the dynamic gamma circuit 5 and the two color-difference 
signals (R-Y), (B-Y) gain-controlled from the color gain 
control circuit 13 are all supplied to a converting circuit 6, 
in which they are converted into three primary color signals 
of red (R), green (G), blue (B), for example. Then, the three 
primary color signals (R/G/B) thus converted by this con- 
verting circuit 6 are respectively supplied to A/D converting 
circuits 7R, 7G, 7B from which the three primary color 
signals (R/G/B) thus digitally-converted are supplied to a 
display means 8 such as a plasma display or a liquid-crystal 
display. 

[0101] On the other hand, the luminance signal (Y) from 
the change-over switch 3Y is supplied to a comparing circuit 
9 to be compared with an arbitrary reference level and 
thereby converted into a square-wave signal which goes to 
"0" when it is higher than the reference level and which goes 
to "1" when it is lower than the reference level. This 
square-wave signal is integrated by an integrating circuit 10 
and thereby generated as the signal indicative of the average 
luminance level of the above-mentioned luminance signal 
(Y). Incidentally, this integrating circuit 10 is of a 5V-system 
circuit, for example. Therefore, the signal thus generated is 
supplied to the control circuit 11 which effects the voltage- 
conversion from 5V to 12V, for example, in order to 
establish an electrical interface between the above-men- 
tioned dynamic gamma circuit 5 and the color gain control 
circuit 13. Then, the output control signal Vc thus voltage - 
converted by this control circuit 11 is supplied to the 
dynamic gamma circuit 5 and the color gain control circuit 
13. 

[0102] As described above, according to this display 
device, the average luminance level of the luminance signal 
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(Y) supplied from the separating circuit 2, for example, or 
the component input terminal 4 through the change-over 
switch 3Y is measured by the measuring means comprising 
the comparing circuit 9 to the control circuit 11. Further, the 
output control signal Vc, which corresponds to the average 
luminance level measured by this measuring means, from 
the control circuit 11 is supplied to the dynamic gamma 
circuit 5 and the color gain control circuit 13. 

[0103] Then, the gamma correction curve of the above- 
mentioned dynamic gamma circuit 5 is feedforward-con- 
trolled in such a manner that the gamma correction between 
input and output becomes approximately a straight line 
when the average luminance level, for example, is large and 
that the intermediate signal level, for example, is increased 
when the average luminance level becomes small. Also, the 
color gain control circuit 13 is feedforward-controlled in 
such a manner that the color gain is increased when the 
average luminance level, for example, is large and that the 
color gain is decreased when the average luminance level 
becomes small. 

[0104] Accordingly, since this display device includes the 
measuring means for measuring the average luminance level 
of the video signal to be displayed, the gamma correction 
means controlled by the output control signal from this 
measuring means and the color gain control circuit, the 
gamma correction curve and the color gain are controlled in 
response to the average luminance level of the video signal 
to be displayed, whereby the intermediate luminance level 
increases in the scene in which a luminance level of an 
object is low to thereby make an image of a dark scene 
become easy to see. At the same time, in that case, since the 
maximum output of the video signal is held at the constant 
level, even in the scene in which one portion is bright in the 
whole of the dark object, a gradation of bright portion may 
be expressed satisfactorily. Also, the color gain may be 
controlled satisfactorily in response to the change of this 
luminance level. 

[0105] Further, FIG. 9 is a block diagram showing a 
display device including a color gain control circuit accord- 
ing to a sixth embodiment of the present invention. 

[0106] As shown in FIG. 9, the display device includes an 
input terminal 1 to which a composite video signal (video 
signal), for example, is supplied. The composite video signal 
from this input terminal 1 is supplied to a separating circuit 
2 which separates the composite video signal, for example, 
to provide a luminance signal (Y) and two color-difference 
signals (R-Y), (B-Y). Further, the luminance signal (Y) and 
the two color-difference signals (R-Y), (B-Y) separated by 
this separating circuit 2 are respectively supplied to change- 
over switches 3Y, 3R, 3B, in which they are respectively 
switched from the signals from an input terminal (compo- 
nent input terminal) 4 to which the luminance signal (Y) and 
the two color-difference signals (R-Y), (B-Y) are supplied 
separately. 

[0107] The luminance signal (Y) from this change-over 
switch 3Y is supplied to a gamma correction means 
(dynamic gamma circuit) 5 having a gamma correction 
curve controlled by an output control signal Vc from an 
output control circuit 11 which will be described later on. In 
the dynamic gamma circuit 5, a gamma correction charac- 
teristic curve between its input and output, for example, is 
controlled by the output control signal Vc from the control 



circuit 11, which will be described later on, in such a way as 
shown in FIG. 2, for example. That is, the gamma correction 
curve between input and output is controlled as shown by the 
arrow in FIG. 2 in response to the magnitude of the output 
control signal Vc in such a manner that the intermediate 
signal level is increased from approximately a straight line. 

[0108] Also, the two color-difference signals (R-Y) and 
(B-Y) from the change-over switches 3R, 3B are supplied to 
a color gain control circuit 13 which is controlled by the 
output control signal Vc from the control circuit 11 which 
will be described later on. Here, the color gain control circuit 
13 is arranged such that the gain of input and output 
characteristics is increased as the control signal (voltage) 
Vc, for example, is increased. 

[0109] Further, the corrected luminance signal (Y) from 
the dynamic gamma circuit 5 and the two color-difference 
signals (R-Y), (B-Y) gain-controlled from the color gain 
control circuit 13 are each supplied to a converting circuit 6, 
in which they are converted into three primary color signals 
of red (R), green (G), blue (B), for example. Then, the three 
primary color signals (R/G/B) thus converted by this con- 
verting circuit 6 are respectively supplied to A/D converting 
circuits 7R, 7G, 7B from which the three primary color 
signals (R/G/B) thus digitally-converted are supplied to a 
display means 8 such as a plasma display or a liquid-crystal 
display. 

[0110] Further, the luminance signal (Y) from the dynamic 
gamma circuit 5 is supplied to a comparing circuit 9 to be 
compared with an arbitrary reference level and thereby 
converted into a square -wave signal which goes to "0" when 
it is higher than the reference level and which goes to "1" 
when it is lower than the reference level. This square-wave 
signal is integrated by an integrating circuit 10 and thereby 
generated as the signal indicative of the average luminance 
level of the above-mentioned luminance signal (Y). Inci- 
dentally, this integrating circuit 10 is of a 5V-system circuit, 
for example. Therefore, the signal thus generated is supplied 
to the control circuit 11 which effects the voltage -conversion 
from 5V to 12V, for example, in order to establish an 
electrical interface between the above-mentioned dynamic 
gamma circuit 5 and the color gain control circuit 13. Then, 
the output control signal Vc thus voltage-converted by this 
control circuit 11 is supplied to the dynamic gamma circuit 
5 and the color gain control circuit 13 mentioned above. 

[0111] As described above, according to this display 
device, the average luminance level of the luminance signal 
(Y) outputted from the dynamic gamma circuit 5 is mea- 
sured by the measuring means comprising the comparing 
circuit 9 to the control circuit 11. Further, the output control 
signal Vc, which corresponds to the average luminance level 
measured by this measuring means, from the control circuit 
11 is supplied to the dynamic gamma circuit 5 and the color 
gain control circuit 13. 

[0112] Then, the gamma correction curve of the above- 
mentioned dynamic gamma circuit 5 is feedback-controlled 
in such a manner that the gamma correction between input 
and output becomes approximately a straight line when the 
average luminance level, for example, is large and that the 
intermediate signal level, for example, is increased when the 
average luminance level becomes small. Also, the color gain 
control circuit 13 is feedback-controlled in such a manner 
that the color gain is increased when the average luminance 
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level, for example, is large and that the color gain is 
decreased when the average luminance level becomes small. 

[0113] Accordingly, since this display device includes the 
measuring means for measuring the average luminance level 
of the video signal to be displayed, the gamma correction 
means controlled by the output control signal from this 
measuring means and the color gain control circuit, the 
gamma correction curve and the color gain are controlled in 
response to the average luminance level of the video signal 
to be displayed , whereby the intermediate luminance level 
increases in the scene in which a luminance level of an 
object is low to thereby make an image of a dark scene 
become easy to see. At the same time, in that case, since the 
maximum output of the video signal is held at the constant 
level, even in the scene in which one portion is bright in the 
whole of the dark object, a gradation of bright portion may 
be expressed satisfactorily. Also, the color gain may be 
controlled satisfactorily in response to the change of this 
luminance level. 

[0114] Further, FIG. 10 is a block diagram showing a 
display device including a color gain control circuit accord- 
ing to a seventh embodiment of the present invention. 

[0115] As shown in FIG. 10, the display device includes 
an input terminal 1 to which a composite video signal (video 
signal), for example, is supplied. The composite video signal 
from this input terminal 1 is supplied to a separating circuit 
2 which separates the composite video signal, for example, 
to provide a luminance signal (Y) and two color-difference 
signals (R-Y), (B-Y). Further, the luminance signal (Y) and 
the two color-difference signals (R-Y), (B-Y) separated by 
this separating circuit 2 are respectively supplied to change- 
over switches 3Y, 3R, 3B, in which they are respectively 
switched from the signals from an input terminal (compo- 
nent input terminal) 4 to which the luminance signal (Y) and 
the two color-difference signals (R-Y), (B-Y) are supplied 
separately. 

[0116] The luminance signal (Y) from this change-over 
switch 3Y is supplied to a gamma correction means 
(dynamic gamma circuit) 5 having a gamma correction 
curve controlled by an output control signal Vc from an 
output control circuit 11 which will be described later on. In 
the dynamic gamma circuit 5, a gamma correction charac- 
teristic curve between its input and output, for example, is 
controlled by the output control signal Vc from the control 
circuit 11, which will be described later on, in such a way as 
shown in FIG. 2, for example. That is, the input and output 
correction curve is controlled as shown by the arrow in FIG. 
2 in response to the magnitude of the output control signal 
Vc in such a manner that the intermediate signal level is 
increased from approximately a straight line. 

[0117] Also, the two color-difference signals (R-Y) and 
(B-Y) from the change-over switches 3R, 3B are supplied to 
a color gain control circuit 13 which is controlled by the 
output control signal Vc from the control circuit 11 which 
will be described later on. Here, the color gain control circuit 
13 is arranged such that the gain of input and output 
characteristics is increased as the control signal (voltage) 
Vc, for example, is increased. 

[0118] Further, the corrected luminance signal (Y) from 
the dynamic gamma circuit 5 and the two color-difference 
signals (R-Y), (B-Y) gain-controlled from the color gain 



control circuit 13 are each supplied to a converting circuit 6, 
in which they are converted into three primary color signals 
of red (R), green (G), blue (B), for example. Then, the three 
primary color signals (R/G/B) thus converted by this con- 
verting circuit 6 are respectively supplied to A/D converting 
circuits 7R, 7G, 7B from which the three primary color 
signals (R/G/B) thus digitally-converted are supplied to a 
display means 8 such as a plasma display or a liquid-crystal 
display. 

[0119] Also, the three primary color signals (R/G/B) thus 
converted by the above-mentioned converting circuit 6 are 
supplied to an analog luminance signal generating circuit 
12A. This luminance signal generating circuit 12 A generates 
a luminance signal (Y) by adding the three primary color 
signals (R/G/B) with a predetermined ratio, e.g. at a ratio of 
Y=0.30R+0.59G+0.11B in the case of the NTSC system. 
The thus generated luminance signal (Y) is supplied to a 
comparing circuit 9, which compares a supplied luminance 
signal with an arbitrary reference level, and thereby con- 
verted into a square-wave signal which goes to "0" when it 
is higher than the reference level and which goes to "1" 
when it is lower than the reference level. 

[0120] Further, an integrating circuit 10 integrates this 
square-wave signal to generate a signal indicative of the 
average luminance level of the above-mentioned luminance 
signal (Y). Incidentally, this integrating circuit 10 is of the 
5V-system circuit, for example. Accordingly, the above- 
mentioned generated signal is supplied to the control circuit 
11 which effects the voltage-conversion from 5V to 12V, for 
example, in order to establish the electrical interface 
between the above-mentioned dynamic gamma circuit 5 and 
the color gain control circuit 13. Then, the output control 
signal Vc thus voltage-converted by this control circuit 11 is 
supplied to the dynamic gamma circuit 5 and the color gain 
control circuit 13. 

[0121] As described above, according to this display 
device, the luminance signal (Y) is generated from the three 
primary color signals (R/G/B) thus converted by the con- 
verting circuit 6. The average luminance level of the lumi- 
nance signal (Y) is measured by the measuring means 
comprising the comparing circuit 9 to the control circuit 11. 
Further, the output control signal Vc, which corresponds to 
the average luminance level measured by this measuring 
means, from the control circuit 11 is supplied to the dynamic 
gamma circuit 5 and the color gain control circuit 13. 

[0122] Then, the gamma correction curve of the above- 
mentioned dynamic gamma circuit 5 is feedback-controlled 
in such a manner that the gamma correction between input 
and output becomes approximately a straight line when the 
average luminance level, for example, is large and that the 
intermediate signal level, for example, is increased when the 
average luminance level becomes small. Also, the color gain 
control circuit 13 is feedback-controlled in such a manner 
that the color gain is increased when the average luminance 
level, for example, is large and that the color gain is 
decreased when the average luminance level becomes small, 

[0123] Accordingly, since this display device includes the 
measuring means for measuring the average luminance level 
of the video signal to be displayed, the gamma correction 
means controlled by the output control signal from this 
measuring means and the color gain control circuit, the 
gamma correction curve and the color gain are controlled in 
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response to the average luminance level of the video signal 
to be displayed, whereby the intermediate luminance level 
increases in the scene in which a luminance level of an 
object is low to thereby make an image of a dark scene 
become easy to see. At the same time, in that case, since the 
maximum output of the video signal is held at the constant 
level, even in the scene in which one portion is bright in the 
whole of the dark object, a gradation of bright portion may 
be expressed satisfactorily. Also, the color gain may be 
controlled satisfactorily in response to the change of this 
luminance level. 

[0124] Further, FIG. 11 is a block diagram showing a 
display device including a color gain control circuit accord- 
ing to an eight embodiment of the present invention. 

[0125] As shown in FIG. 11, the display device includes 
an input terminal 1 to which a composite video signal (video 
signal), for example, is supplied. The composite video signal 
from this input terminal 1 is supplied to a separating circuit 
2 which separates the composite video signal, for example, 
to provide a luminance signal (Y) and two color-difference 
signals (R-Y), (B-Y). Further, the luminance signal (Y) and 
the two color-difference signals (R-Y), (B-Y) separated by 
this separating circuit 2 are respectively supplied to change- 
over switches 3Y, 3R, 3B, in which they are respectively 
switched from the signals from an input terminal (compo- 
nent input terminal) 4 to which the luminance signal (Y) and 
the two color-difference signals (R-Y), (B-Y) are supplied 
separately. 

[0126] The luminance signal (Y) from this change-over 
switch 3Y is supplied to a gamma correction means 
(dynamic gamma circuit) 5 having a gamma correction 
curve controlled by an output control signal Vc from an 
output control circuit 11 which will be described later on. In 
the dynamic gamma circuit 5, a gamma correction charac- 
teristic curve between its input and output, for example, is 
controlled by the output control signal Vc from the control 
circuit 11, which will be described later on, in such a way as 
shown in FIG. 2, for example. That is, the gamma correction 
curve between input and output is controlled as shown by the 
arrow in FIG. 2 in response to the magnitude of the output 
control signal Vc in such a manner that the intermediate 
signal level is increased from approximately a straight line. 

[0127] Also, the two color-difference signals (R-Y) and 
(B-Y) from the change-over switches 3R, 3B are supplied to 
a color gain control circuit 13 which is controlled by the 
output control signal Vc from the control circuit 11 which 
will be described later on. Here, the color gain control circuit 
13 is arranged such that the gain of input and output 
characteristics is increased as the control signal (voltage) 
Vc, for example, is increased. 

[0128] Further, the corrected luminance signal (Y) from 
the dynamic gamma circuit 5 and the two color-difference 
signals (R-Y), (B-Y) with the controlled gains from the color 
gain control circuit 13 are each supplied to a converting 
circuit 6, in which they are converted into three primary 
color signals of red (R), green (G), blue (B), for example. 
Then, the three primary color signals (R/G/B) thus con- 
verted by this converting circuit 6 are respectively supplied 
to A/D converting circuits 7R, 7G, 7B from which the three 
primary color signals (R/G/B) thus digitally-converted are 
supplied to a display means 8 such as a plasma display or a 
liquid-crystal display. 



[0129] Also, the three primary color signals (R/G/B) thus 
digitally converted by the above-mentioned A/D converting 
circuits 7R, 7G, 7B are supplied to a digital luminance signal 
generating circuit 12D. The three primary color signals 
(R/G/B) outputted from the A/D converting circuits 7R, 7G, 
7B are digital signals in which a sampling frequency, for 
example, is 30 MHz and the quantization bit number is 8 bits 
(quantization value ranges from 0 to 255). This luminance 
signal generating circuit 12D generates a luminance signal 
(Y: digital value) by adding the three primary color signals 
(R/G/B) with a predetermined ratio, e.g. at a ratio of 
Y-0.30R+0.59G +0.11B in the case of the NTSC system. 

[0130] The thus generated luminance signal (Y: digital 
value) is supplied to a comparing circuit 9, which compares 
a supplied luminance signal with an arbitrary reference 
level, e.g. quantization value 100, and thereby converted 
into a square -wave signal which goes to "0" when it is 
higher than the reference level and which goes to "1" when 
it is lower than the reference level. An integrating circuit 10 
integrates this square-wave signal to generate a signal (ana- 
log value) indicative of the average luminance level of the 
above-mentioned luminance signal (Y). Incidentally, this 
integrating circuit 10 is of the 5V-system circuit, for 
example. Accordingly, the above-mentioned generated sig- 
nal is supplied to the control circuit 11 which effects the 
voltage-conversion from 5 V to 12V, for example, in order to 
establish the electrical interface between the above-men- 
tioned dynamic gamma circuit 5 and the color gain control 
circuit 13. Then, the output control signal Vc thus voltage- 
controlled by this control circuit 11 is supplied to the 
dynamic gamma circuit 5 and the color gain control circuit 
13. 

[0131] As described above, according to this display 
device, the luminance signal (Y: digital value) is generated 
from the three primary color signals (R/G/B) thus converted 
by the A/D converting circuits 7R, 7G, 7B, and the average 
luminance level (analog value) of this luminance signal (Y) 
is measured by the measuring means comprising the com- 
paring circuit 9 to the control circuit 11. Further, the output 
control signal Vc, which corresponds to the average lumi- 
nance level measured by this measuring means, from the 
control circuit 11 is supplied to the dynamic gamma circuit 
5 and the color gain control circuit 13. 

[0132] Then, the gamma correction curve of the above- 
mentioned dynamic gamma circuit 5 is feedback-controlled 
in such a manner that the gamma correction between input 
and output becomes approximately a straight line when the 
average luminance level, for example, is large and that the 
intermediate signal level, for example, is increased when the 
average luminance level becomes small. Also, the color gain 
control circuit 13 is feedback-controlled in such a manner 
that the color gain is increased when the average luminance 
level, for example, is large and that the color gain is 
decreased when the average luminance level becomes small. 

[0133] Accordingly, since this display device includes the 
measuring means for measuring the average luminance level 
of the video signal to be displayed, the gamma correction 
means controlled by the output control signal from this 
measuring means and the color gain control circuit, the 
gamma correction curve and the color gain are controlled in 
response to the average luminance level of the video signal 
to be displayed, whereby the intermediate luminance level 
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increases in the scene in which a luminance level of an 
object is low to thereby make an image of a dark scene 
become easy to see. At the same time, in that case, since the 
maximum output of the video signal is held at the constant 
level, even in the scene in which one portion is bright in the 
whole of the dark object, a gradation of bright portion may 
be expressed satisfactorily. Also, the color gain may be 
controlled satisfactorily in response to the change of the 
luminance level. 

[0134] In the above-mentioned apparatus, when a more 
accurate correction is required, it is considered that, for 
example, the three primary color signals of red (R), green 
(G), blue (B) may be corrected. In this case, the three 
primary color signals of red (R), green (G), blue (B), for 
example, may be gamma-corrected similarly to the above- 
mentioned luminance signal (Y). 

[0135] Specifically, FIG. 12 is a block diagram showing a 
display device in which each of the three primary color 
signals of red (R), green (G), blue (B), for example, is 
gamma-corrected according to a ninth embodiment of the 
present invention. 

[0136] As shown in FIG. 12, the display device includes 
an input terminal 1 to which there is supplied a composite 
video signal (video signal), for example. The composite 
video signal from this input terminal 1 is supplied to a 
separating circuit 2 which separates the composite video 
signal, for example, to provide a luminance signal (Y) and 
two color difference signals (R-Y), (B-Y). The luminance 
signal (Y) and the two color-difference signals (R-Y) and 
(B-Y) separated by the separating circuit 2 are respectively 
supplied to change-over switches 3Y, 3R, 3B, in which they 
are switched from signals supplied from an input terminal 
(component input terminal) 4 to which a luminance signal 
(Y) and two color-difference signals (R-Y), (B-Y), for 
example, are supplied, separately. 

[0137] Further, the luminance signal (Y) and the two 
color-difference signals (R-Y), (B-Y) from the above-men- 
tioned change-over switches 3R, 3B are each supplied to a 
converting circuit 6, in which they are converted into three 
primary color signals of red (R), green (G), blue (B), for 
example. The three primary color signals (R/G/B) thus 
converted by this converting circuit 6 are respectively sup- 
plied to gamma correction means (dynamic gamma circuits) 
5R, 5G, 5B, each having a gamma correction curve con- 
trolled by an output control signal Vc from a control circuit 
11 which will be described later on. 

[0138] The dynamic gamma circuits 5R, 5G, 5B are 
controlled by the output control signal Vc from the control 
circuit 11, which will be described later on, in such a manner 
that an input and output gamma correction curve, for 
example, is presented as shown in FIG. 2, for example. 
Specifically, the dynamic gamma circuits 5R, 5G, 5B are 
controlled by the magnitude of the output control signal Vc 
in such a manner that the intermediate signal level of the 
gamma correction curve between input and output is 
increased from approximately a straight line as shown by an 
arrow in FIG. 2, for example. The three primary color 
signals (R/G/B) from the dynamic gamma circuits 5R, 5G, 
5B are respectively supplied to A/D (analog-to-digital) con- 
verting circuits 7R, 7G, 7B. Further, resultant digital three 
primary color signals (R/G/B) are supplied from the A/D 
converting circuits 7R, 7G, 7B to a display device 8 such as 
a plasma display or a liquid-crystal display. 



[0139] On the other hand, the luminance signal (Y) from 
the change-over switch 3Y is supplied to a comparing circuit 
9 to be compared with an arbitrary reference level and 
thereby converted into a square-wave signal which goes to 
"0" when it is higher than the reference level and which goes 
to "1" when it is lower than the reference level. This 
square -wave signal is integrated by an integrating circuit 10 
and thereby generated as the signal indicative of the average 
luminance level of the above-mentioned luminance signal 
(Y). Incidentally, this integrating circuit 10 is of a 5V-system 
circuit, for example. Therefore, the signal thus generated is 
supplied to the control circuit 11 which effects the voltage - 
conversion from 5V to 12V, for example, in order to 
establish an electrical interface between the integrating 
circuit 10 and the dynamic gamma circuits 5R, 5G, 5B. 
Then, the output control signal Vc thus voltage-converted by 
this control circuit 11 is supplied to the above-mentioned 
dynamic gamma circuits 5R, 5G, 5B. 

[0140] In this manner, in this display device, the average 
luminance level of the luminance signal (Y) from the 
separating circuit 2 or the component input terminal 4 
through the change-over switch 3Y is measured by the 
measuring means comprising the comparing circuit 9 to the 
control circuit 11. Further, the output control signal Vc 
corresponding to the average luminance level measured by 
this measuring means is supplied from the control circuit 11 
to the dynamic gamma circuits 5R, 5G, 5B. Then, the 
gamma correction curves of the above-mentioned dynamic 
gamma circuits 5R, 5G, 5B are feedforward -controlled in 
such a fashion that the gamma correction between input and 
output becomes approximately a straight line when the 
average luminance level is large and that the intermediate 
signal level, for example, is increased when the average 
luminance level becomes small. 

[0141] Accordingly, since this display device includes the 
measuring means for measuring the average luminance level 
of the video signal to be displayed and the gamma-correc- 
tion means for three primary color signals controlled by the 
output control signal from this measuring means, the gamma 
correction curves of respective three primary color signals 
are controlled in response to the average luminance level of 
the video signal to be displayed, whereby the intermediate 
luminance level increases in the scene in which a luminance 
level of an object is low to thereby make an image of a dark 
scene become easy to see. At the same time, in that case, 
since the maximum output of the video signal is held at the 
constant level, even in the scene in which one portion is 
bright in the whole of the dark object, a gradation of bright 
portion may be expressed satisfactorily and a more accurate 
correction may be carried out. 

[0142] Further, FIG. 13 is a block diagram showing a 
display device in which the three primary color signals of 
red (R), green (G), blue (B) are gamma-corrected according 
to a tenth embodiment of the present invention. In FIG. 13, 
the circuit arrangement provided ahead of the converting 
circuit 6 are omitted for convenience sake of sheets of 
drawings, and the arrangement of this portion is similar to 
that of FIG. 12. 

[0143] Referring to FIG. 13, the luminance signal (Y) and 
the two color-difference signals (R-Y), (B-Y) from the 
above-mentioned change-over switches 3Y, 3R, 3B (not 
shown) are each supplied to a converting circuit 6. The three 
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primary color signals of red (R), green (G), blue (B) thus 
converted by this converting circuit 6 are each supplied to 
change-over switches 14R, 14G, 14B, in which they are 
respectively switched from signals from an RGB input 
terminal 15 to which the three primary color 
signals (R/G/B), for example, are supplied independently. 

[0144] Then, the three primary color signals (R/G/B) from 
the change-over switches 14R, 14G, 14B are respectively 
supplied to gamma correction means (dynamic gamma 
circuits) 5R, 5G, 5B, each having a gamma correction curve 
controlled by an output control signal Vc from a control 
circuit 11 which will be described later on. The dynamic 
gamma circuits 5R, 5G, 5B are each controlled by the output 
control signal Vc from the control circuit 11, which will be 
described later on, in such a manner that an input and output 
gamma correction curve, for example, is presented as shown 
in FIG. 2, for example. Specifically, the dynamic gamma 
circuits 5R, 5G, 5B are each controlled by the output control 
signal Vc in such a manner that the intermediate signal level 
of the gamma correction curve between input and output is 
increased from approximately a straight line as shown by an 
arrow in FIG. 2, for example. 

[0145] Further, the corrected three primary color signals 
(R/G/B) from the dynamic gamma circuits 5R, 5G, 5B are 
respectively supplied to A/D (analog-to-digital) converting 
circuits 7R, 7G, 7B. Furthermore, resultant digital three 
primary color signals (R/G/B) are supplied from the A/D 
converting circuits 7R, 7G, 7B to a display device 8 such as 
a plasma display or a liquid-crystal display. 

[0146] Also, the three primary color signals (R/G/B) from 
the above-mentioned change-over switches 14R, 14G, 14B 
are supplied to an analog luminance signal generating circuit 
12A. This luminance signal generating circuit 12A generates 
a luminance signal (Y) by adding the three primary color 
signals (R/G/B) with a predetermined ratio, e.g. at a ratio of 
Y=0.30R+0.59G+0.11B in the case of the NTSC system. 
The thus generated luminance signal (Y) is supplied to a 
comparing circuit 9, which compares a supplied luminance 
signal with an arbitrary reference level, and thereby con- 
verted into a square-wave signal which goes to "0" when it 
is higher than the reference level and which goes to "1" 
when it is lower than the reference level. 

[0147] Further, an integrating circuit 10 integrates this 
square -wave signal to generate a signal indicative of the 
average luminance level of the above-mentioned luminance 
signal (Y). Incidentally, this integrating circuit 10 is of the 
5V-system circuit, for example. Accordingly, the above- 
mentioned generated signal is supplied to the control circuit 
11 which effects the voltage-conversion from 5 V to 12V, for 
example, in order to establish the electrical interface with the 
above-mentioned dynamic gamma circuits 5R, 5G, 5B. 
Then, the output control signal Vc thus voltage-controlled 
by this control circuit 11 is supplied to the dynamic gamma 
circuits 5R, 5G, 5B. 

[0148] As described above, according to this display 
device, the luminance signal (Y) is generated from the three 
primary color signals (R/G/B) from the change-over 
switches 14R, 14G, 14B. The average luminance level of the 
luminance signal (Y) is measured by the measuring means 
comprising the comparing circuit 9 to the control circuit 11. 
Further, the output control signal Vc, which corresponds to 
the average luminance level measured by this measuring 



means, from the control circuit 11 is supplied to the dynamic 
gamma circuits 5R, 5G, 5B. Then, the gamma correction 
curves of the above-mentioned dynamic gamma circuits 5R, 
5G, 5B are feedforward-controlled in such a manner that the 
gamma correction between input and output becomes 
approximately a straight line when the average luminance 
level, for example, is large and that the intermediate signal 
level, for example, is increased when the average luminance 
level becomes small. 

[0149] Accordingly, since this display device includes the 
measuring means for measuring the average luminance level 
of the video signal to be displayed and the gamma correction 
means for three primary color signals controlled by the 
output control signal from this measuring means, the gamma 
correction curves for the three primary color signals are 
controlled in response to the average luminance level of the 
video signal to be displayed, whereby the intermediate 
luminance level increases in the scene in which a luminance 
level of an object is low to thereby make an image of a dark 
scene become easy to see. At the same time, in that case, 
since the maximum output of the video signal is held at the 
constant level, even in the scene in which one portion is 
bright in the whole of the dark object, a gradation of bright 
portion may be expressed satisfactorily and may be cor- 
rected more accurately. At the same time, the display device 
according to this embodiment can cope with the RGB input 
terminal to which the three primary color signals are sup- 
plied independently. 

[0150] Further, FIG. 14 is a block diagram showing a 
display device in which the three primary color signals of 
red (R), green (G), blue (B) are gamma-corrected according 
to an eleventh embodiment of the present invention. In FIG. 
14, the circuit arrangement provided ahead of the converting 
circuit 6 is omitted for convenience sake of sheets of 
drawings, and the arrangement of this portion is similar to 
that of FIG. 12. 

[0151] Referring to FIG. 14, the luminance signal (Y) and 
the two color-difference signals (R-Y), (B-Y) from the 
above-mentioned change-over switches 3Y, 3R, 3B (not 
shown) are each supplied to a converting circuit 6. The three 
primary color signals of red (R), green (G), blue (B) thus 
converted by this converting circuit 6 are each supplied to 
change-over switches 14R, 14G, 14B, in which they are 
respectively switched from signals from an RGB input 
terminal 15 to which the three primary color signals (R/G/ 
B), for example, are supplied independently. 

[0152] Then, the three primary color signals (R/G/B) from 
the change-over switches 14R, 14G, 14B are respectively 
supplied to gamma correction means (dynamic gamma 
circuits) 5R, 5G, 5B, each having a gamma correction curve 
controlled by an output control signal Vc from a control 
circuit 11 which will be described later on. The dynamic 
gamma circuits 5R, 5G, 5B are controlled by the output 
control signal Vc from the control circuit 11, which will be 
described later on, in such a manner that an input and output 
gamma correction curve, for example, is presented as shown 
in FIG. 2, for example. Specifically, the dynamic gamma 
circuits 5R, 5G, 5B are controlled by the output control 
signal Vc in such a manner that the intermediate signal level 
of the gamma correction curve between input and output is 
increased from approximately a straight line as shown by an 
arrow in FIG. 2, for example. 



03/20/2003, EAST Version: 1.03.0002 



US 2002/0033830 Al 



14 



Mar. 21, 2002 



[0153] Further, the corrected three primary color signals 
(R/G/B) from these dynamic gamma circuits 5R, 5G, 5B are 
respectively supplied to A/D (analog- to-digital) converting 
circuits 7R, 7G, 7B. Furthermore, resultant digital three 
primary color signals (R/G/B) are supplied from the A/D 
converting circuits 7R, 7G, 7B to a display device 8 such as 
a plasma display or a liquid-crystal display. 

[0154] Also, the three primary color signals (R/G/B) from 
the above-mentioned dynamic gamma circuits 5R, 5G, 5B 
are supplied to an analog luminance signal generating circuit 
12A. This luminance signal generating circuit 12 A generates 
a luminance signal (Y) by adding the three primary color 
signals (R/G/B) with a predetermined ratio, e.g. at a ratio of 
Y=0.30R+0.59G+0.11B in the case of the NTSC system, for 
example. The thus generated luminance signal (Y) is sup- 
plied to a comparing circuit 9, which compares a supplied 
luminance signal with an arbitrary reference level, and 
thereby converted into a square- wave signal which goes to 
"0" when it is higher than the reference level and which goes 
to "1" when it is lower than the reference level. 

[0155] Further, an integrating circuit 10 integrates this 
square -wave signal to generate a signal indicative of the 
average luminance level of the above-mentioned luminance 
signal (Y). Incidentally, this integrating circuit 10 is of the 
5V-system circuit, for example. Accordingly, the above- 
mentioned generated signal is supplied to the control circuit 
11 which effects the voltage -conversion from 5 V to 12 V, for 
example, in order to establish the electrical interface with the 
above-mentioned dynamic gamma circuits 5R, 5G, 5B. 
Then, the output control signal Vc thus voltage -controlled 
by this control circuit 11 is supplied to the dynamic gamma 
circuits 5R, 5G, 5B. 

[0156] As described above, according to this display 
device, the luminance signal (Y) is generated from the 
corrected three primary color signals (R/G/B) from the 
dynamic gamma circuits 5R, 5G, 5B. The average lumi- 
nance level of the luminance signal (Y) is measured by the 
measuring means comprising the comparing circuit 9 to the 
control circuit 11. Further, the output control signal Vc, 
which corresponds to the average luminance level measured 
by this measuring means, from the control circuit 11 is 
supplied to the dynamic gamma circuits 5R, 5G, 5B. Then, 
the gamma correction curves of the above-mentioned 
dynamic gamma circuits 5R, 5G, 5B are feedback-controlled 
in such a manner that the gamma correction between input 
and output becomes approximately a straight line when the 
average luminance level, for example, is large and that the 
intermediate signal level, for example, is increased when the 
average luminance level becomes small. 

[0157] Accordingly, since this display device includes the 
measuring means for measuring the average luminance level 
of the video signal to be displayed and the gamma correction 
means for three primary color signals controlled by the 
output control signal from this measuring means, the gamma 
correction curves for the three primary color signals are 
controlled-in response to the average luminance level of the 
video signal to be displayed, whereby the intermediate 
luminance level increases in the scene in which a luminance 
level of an object is low to thereby make an image of a dark 
scene become easy to see. At the same time, in that case, 
since the maximum output of the video signal is held at the 
constant level, even in the scene in which one portion is 



bright in the whole of the dark object, a gradation of bright 
portion may be expressed satisfactorily and may be cor- 
rected more accurately. At the same time, the display device 
according to this embodiment can cope with the RGB input 
terminal to which the three primary color signals are sup- 
plied independently. 

[0158] Further, FIG. 15 is a block diagram showing a 
display device in which the three primary color signals of 
red (R), green (G), blue (B) are gamma-corrected according 
to a twelfth embodiment of the present invention. Inciden- 
tally, also in FIG. 15, the circuit arrangement provided 
ahead of the converting circuit 6 is omitted for convenience 
sake of sheets of drawings, and the arrangement of this 
portion is similar to that of FIG. 12. 

[0159] Referring to FIG. 15, the luminance signal (Y) and 
the two color-difference signals (R-Y), (B-Y) from the 
above-mentioned change-over switches 3Y, 3R, 3B (not 
shown) are each supplied to a converting circuit 6. Further, 
the three primary color signals of red (R), green (G), blue 
(B) thus converted by this converting circuit 6 are respec- 
tively supplied to change-over switches 14R, 14G, 14B, in 
which they are respectively switched from signals from an 
RGB input terminal 15 to which the three primary color 
signals (R/G/B), for example, are supplied independently. 

[0160] Then, the three primary color signals (R/G/B) from 
the change-over switches 14R, 14G, 14B are respectively 
supplied to gamma correction means (dynamic gamma 
circuits) 5R, 5G, 5B, each having a gamma correction curve 
controlled by an output control signal Vc from a control 
circuit 11 which will be described later on. The dynamic 
gamma circuits 5R, 5G, 5B are controlled by the output 
control signal Vc from the control circuit 11, which will be 
described later on, in such a manner mat an input and output 
gamma correction curve, for example, is presented as shown 
in FIG. 2, for example. Specifically, the dynamic gamma 
circuits 5R, 5G, 5B are controlled in response to the mag- 
nitude of the output control signal Vc in such a manner that 
the intermediate signal level of the gamma correction curve 
between input and output is increased from approximately a 
straight line as shown by an arrow in FIG. 2, for example, 

[0161] Further, the corrected three primary color signals 
(R/G/B) from these dynamic gamma circuits 5R, 5G, 5B are 
respectively supplied to A/D (analog-to-digital) converting 
circuits 7R, 7G, 7B. Furthermore, resultant digital three 
primary color signals (R/G/B) are supplied from the A/D 
converting circuits 7R, 7G, 7B to a display device 8 such as 
a plasma display or a liquid-crystal display. 

[0162] Also, the three primary color signals (R/G/B) thus 
digitally converted by the above-mentioned A/D converting 
circuits 7R, 7G, 7B are supplied to a digital luminance signal 
generating circuit 12D. The three primary color signals 
(R/G/B) outputted from the A/D converting circuits 7R, 7G, 
7B are digital signals in which a sampling frequency, for 
example, is 30 MHz and the quantization bit number is 8 bits 
(quantization value ranges from 0 to 255). This luminance 
signal generating circuit 12D generates a luminance signal 
(Y: digital value) by adding the three primary color signals 
(R/G/B) with a predetermined ratio, e.g. at a ratio of 
Y~0.30R+0.59G +0.11B in the case of the NTSC system. 

[0163] The thus generated luminance signal (Y: digital 
value) is supplied to a comparing circuit 9, which compares 
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a supplied luminance signal with an arbitrary reference 
level, e.g. quantization value 100, and thereby converted 
into a square-wave signal which goes to "0*' when it is 
higher than the reference level and which goes to " 1" when 
it is lower than the reference level. An integrating circuit 10 
integrates this square-wave signal to generate a signal (ana- 
log value) indicative of the average luminance level of the 
above-mentioned luminance signal (Y). Incidentally, this 
integrating circuit 10 is of the 5V-system circuit, for 
example. Accordingly, the above-mentioned generated sig- 
nal is supplied to the control circuit 11 which effects the 
voltage-conversion from 5 V to 12V, for example, in order to 
establish the electrical interface between the above-men- 
tioned dynamic gamma circuits 5R, 5G, 5B and the inte- 
grating circuit 10. Then, the output control signal Vc thus 
voltage-controlled by this control circuit 11 is supplied to the 
dynamic gamma circuits 5R, 5G, 5B. 

[0164] As described above, according to this display 
device, the luminance signal (Y: digital value) is generated 
from the three primary color signals (R/G/B) thus digitally 
converted by the A/D converting circuits 7R, 7G, 7B, and 
the average luminance level (analog value) of this luminance 
signal (Y) is measured by the measuring means comprising 
the comparing circuit 9 to the control circuit 11. Further, the 
output control signal Vc, which corresponds to the average 
luminance level measured by this measuring means, from 
the control circuit 11 is supplied to the dynamic gamma 
circuits 5R, 5G, 5B. Then, the gamma correction curves of 
the above-mentioned dynamic gamma circuits 5R, 5G, 5B 
are feedback-controlled in such a manner that the gamma 
correction between input and output becomes approximately 
a straight line when the average luminance level, for 
example, is large and that the intermediate signal level, for 
example, is increased when the average luminance level 
becomes small. 

[0165] Accordingly, since this display device includes the 
measuring means for measuring the average luminance level 
of the video signal to be displayed and the gamma correction 
means for three primary color signals controlled by the 
output control signal from this measuring means, the gamma 
correction curves for the three primary color signals are 
controlled in response to the average luminance level of the 
video signal to be displayed, whereby the intermediate 
luminance level increases in the scene in which a luminance 
level of an object is low to thereby make an image of a dark 
scene become easy to see. At the same time, in that case, 
since the maximum output of the video signal is held at the 
constant level, even in the scene in which one portion is 
bright in the whole of the dark object, a gradation of bright 
portion may be expressed satisfactorily and may be cor- 
rected more accurately. At the same time, the display device 
according to this embodiment can cope with the RGB input 
terminal to which the three primary color signals are sup- 
plied independently. 

[0166] Furthermore, in the above-mentioned apparatus, 
when more complex corrections matched with characteris- 
tics of the respective signals or the like are required, it is 
considered that the digitally-converted three primary color 
signals of red (R), green (G), blue (B), for example, may be 
corrected. In this case, when the three primary color signals 
of red (R), green (G), blue (B), for example, are gamma- 
corrected, these three primary color signals of red (R), green 
(G), blue (B) can be gamma-corrected similarly to the 



above-mentioned luminance signal (Y). Also, as a signal 
correction means, it is possible to use a read-only memory 
(ROM) and a so-called digital signal processor (DSP), 

[0167] Specifically, FIG. 16 is a block diagram showing a 
display device in which the digitally-converted three pri- 
mary color signals of red (R), green (G), blue (B), for 
example, are respectively gamma-corrected according to a 
thirteenth embodiment of the present invention. 

[0168] Referring to FIG. 16, the display device includes 
an input terminal 1 to which there is supplied a composite 
video signal (video signal), for example. The composite 
video signal from this input terminal 1 is supplied to a 
separating circuit 2 which separates the composite video 
signal, for example, to provide a luminance signal (Y) and 
two color-difference signals (R-Y), (B-Y). Further, the lumi- 
nance signal (Y) and the two color-difference signals (R-Y) 
and (B-Y) separated by the separating circuit 2 are respec- 
tively supplied to change-over-switches 3Y, 3R, 3B, in 
which they are switched from signals supplied from an input 
terminal (component input terminal) 4 to which a luminance 
signal (Y) and two color-difference signals (R-Y), (B-Y), for 
example, are supplied, separately. 

[0169] Further, the luminance signal (Y) and the two 
color-difference signals (R-Y), (B-Y) from the above-men- 
tioned change-over switches 3Y, 3R, 3B are each supplied to 
a converting circuit 6, in which they are converted into three 
primary color signals of red (R), green (G), blue (B), for 
example. The three primary color signals (R/G/B) thus 
converted by this converting circuit 6 are respectively sup- 
plied to A/D (analog-to-digital) converting circuits 7R, 7G, 
7B. Resultant digitally-converted three primary color signals 
(R/G/B) are respectively supplied to correction means (digi- 
tal signal processors=DSP) 16R, 16G, 16B having gamma 
correction curves or the like controlled by an output control 
digital signal from a digital control circuit 17 which will be 
described later on. 

[0170] Here, the digital signal processors (DSP) 16R, 
16G, 16B are controlled by the output control digital signal 
from the digital control circuit 17, which will be described 
later on, in such a manner that gamma correction charac- 
teristic curves between input and output are controlled as 
shown in FIG. 2, for example. Specifically, the digital signal 
processors 16R, 16G, 16B are controlled by the output 
control digital signal such a manner that the intermediate 
signal level of the gamma correction curve between input 
and output is increased from approximately a straight line as 
shown by an arrow in FIG. 2, for example. The three 
primary color signals (R/G/B) from these digital signal 
processors (DSP) 16R, 16G, 16B are supplied to a display 
device 8 such as a plasma display or a liquid-crystal display. 

[0171] On the other hand, the luminance signal (Y) from 
the change-over switch 3Y is supplied to a comparing circuit 
9, which compares a supplied signal with an arbitrary 
reference level, and thereby converted into a square-wave 
signal which goes to "0" when it is higher than the reference 
level and which goes to "1" when it is lower than the 
reference level. This square-wave signal is integrated by an 
integrating circuit 10 and thereby generated as a signal 
indicative of an average luminance level of the above- 
mentioned luminance signal (Y). Then, the signal indicative 
of the average luminance level from this integrating circuit 
10 is supplied to the digital control circuit 17 which then 
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generates the output control digital signal to control the 
above-mentioned digital signal processors (DSP) 16R, 16G, 
16B. Further, the output control digital signal generated by 
this digital control circuit 17 is supplied to the digital signal 
processors (DSP) 16R, 16G, 16B. 

[0172] As described above, according to this display 
device, the average luminance level of the luminance signal 
(Y) supplied from the separating circuit 2, for example, or 
the component input terminal 4 through the change-over 
switch 3Y is measured by the measuring means comprising 
the comparing circuit 9 and the integrating circuit 10. 
Further, the output control digital signal corresponding to 
the average luminance level measured by this measuring 
means is generated by the digital control circuit 17 and then 
supplied to the digital signal processors (DSP) 16R, 16G, 
16B. Then, the gamma correction curves and the like of the 
above-mentioned digital signal processors (DSP) 16R, 16G, 
16B are feedforward -controlled in such a manner that the 
gamma correction between input and output becomes 
approximately a straight line when the average luminance 
level, for example, is large and that the intermediate signal 
level is increased when the average luminance level 
becomes small. 

[0173] Accordingly, since this display device includes the 
measuring means for measuring the average luminance level 
of the video signal to be displayed and the gamma correction 
means for each of three primary color signals controlled by 
the output control signal from this measuring means, the 
gamma correction curve for each of the three primary color 
signals is controlled in response to the average luminance 
level of the video signal to be displayed, whereby the 
intermediate luminance level increases in the scene in which 
a luminance level of an object is low to thereby make an 
image of a dark scene become easy to see. At the same time, 
in that case, since the maximum output of the video signal 
is held at the constant level, even in the scene in which one 
portion is bright in the whole of the dark object, a gradation 
of bright portion may be expressed satisfactorily. Also, since 
the digital processing is used, a more complex correction 
matched with the characteristics of the respective signals 
may be carried out. At the same time, the display device 
according to this embodiment can cope with the RGB input 
terminal to which the three primary color signals are sup- 
plied independently. 

[0174] Further, FIG. 17 is a block diagram showing a 
display device in which the digitally-converted three pri- 
mary color signals of red (R), green (G), blue (B), for 
example, are respectively gamma-corrected according to a 
fourteenth embodiment of the present invention. Inciden- 
tally, in FIG. 17, the circuit arrangement provided ahead of 
the converting circuit 6 is omitted for convenience sake of 
sheets of drawings, and the arrangement of this portion is 
similar to that of FIG. 16. 

[0175] Referring to FIG. 17, the luminance signal (Y) and 
the two color-difference signals (R-Y), (B-Y) from the 
above-mentioned change-over switches 3Y, 3R, 3B (not 
shown) are each supplied to a converting circuit 6. Further, 
the three primary color signal of red (R), green (G), blue (B), 
for example, thus converted by this converting circuit 6 are 
each supplied to change-over switches 14R, 14G, 14B, in 
which they are switched from signals from an RGB input 
terminal 15 to which three primary color signals (R/G/B), 
for example, are supplied independently. 



[0176] The three primary color signals (R/G/B) from the 
change-over switches 14R, 14G, 14B are respectively sup- 
plied to A/D converting circuits 7R, 7G, 7B, Further, the 
thus digitally-converted three primary color signals (R/G/B) 
are respectively supplied to correction means (digital signal 
processors=DSP) 16R, 16G, 16B having gamma correction 
curves or the like controlled by an output control digital 
signal from a digital control circuit 17 which will be 
described later on. 

[0177] Here, the digital signal processors (DSP) 16R, 
16G, 16B are controlled by the output control digital signal 
from the digital control circuit 17, which will be described 
later on, in such a manner that gamma correction charac- 
teristic curves between input and output thereof are con- 
trolled as shown in FIG. 2, for example. Specifically, the 
digital signal processors 16R, 16G, 16B are controlled by 
the magnitude of the output control digital signal in such a 
manner that the intermediate signal level of the gamma 
correction curve between input and output is increased from 
approximately a straight line as shown by an arrow in FIG. 
2, for example. The three primary color signals (R/G/B) 
from these digital signal processors (DSP) 16R, 16G, 16B 
are supplied to a display device 8 such as a plasma display 
or a liquid-crystal display. 

[0178] Also, the three primary color signals (R/G/B) from 
the above-mentioned change-over switches 14R, 14G, 14B 
are supplied to an analog luminance signal generating circuit 
12A. This luminance signal generating circuit 12A generates 
a luminance signal (Y) by adding the three primary color 
signals (R/G/B) with a predetermined ratio, e.g. with a ratio 
of Y=0.30R+0.59G+0.11B in the case of the NTSC system. 
The thus generated luminance signal (Y) is supplied to a 
comparing circuit 9, which compares a supplied luminance 
signal with an arbitrary reference level, and thereby con- 
verted into a square-wave signal which goes to "0" when it 
is higher than the reference level and which goes to "1" 
when it is lower than the reference level. 

[0179] Further, an integrating circuit 10 integrates this 
square-wave signal to generate a signal indicative of the 
average luminance level of the above-mentioned luminance 
signal (Y). Then, the signal indicative of the average lumi- 
nance level from this integrating circuit 10 is supplied to the 
digital control circuit 17 which then generates the output 
control digital signal to control the above-mentioned digital 
signal processors (DSP) 16R, 16G, 16B. Further, the output 
control digital signal generated at this digital control circuit 
17 is supplied to the digital signal processors (DSP) 16R, 
16G, 16B. 

[0180] As described above, according to this display 
device, the luminance signal (Y) is generated from the three 
primary color signals (R/G/B) from the change-over 
switches 14R, 14G, 14B. The average luminance level of the 
luminance signal (Y) is measured by the measuring means 
comprising the comparing circuit 9 and the integrating 
circuit 10. Further, the output control digital signal corre- 
sponding to the average luminance level measured by this 
measuring means is generated by the digital control circuit 
17 and then supplied to the digital signal processors (DSP) 
16R, 16G, 16B. Then, the gamma correction curves and the 
like of the above-mentioned digital signal processors (DSP) 
16R, 16G, 16B are feedforward-controlled in such a manner 
that the gamma correction between input and output 
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becomes approximately a straight line when the average 
luminance level, for example, is large and that the interme- 
diate signal level is increased when the average luminance 
level becomes small. 

[0181] Accordingly, since this display device includes the 
measuring means for measuring the average luminance level 
of the video signal to be displayed and the gamma correction 
means for each of three primary color signals controlled by 
the output control signal from this measuring means, the 
gamma correction curve for each of the three primary color 
signals is controlled in response to the average luminance 
level of the video signal to be displayed, whereby the 
intermediate luminance level increases in the scene in which 
a luminance level of an object is low to thereby make an 
image of a dark scene become easy to see. At the same time, 
in that case, since the maximum output of the video signal 
is held at the constant level, even in the scene in which one 
portion is bright in the whole of the dark object, a gradation 
of bright portion may be expressed satisfactorily. Since the 
digital processing is used, a more complex correction 
matched with the characteristics of the respective signals or 
the like may be carried out. At the same time, the display 
device according to this embodiment can cope with the RGB 
input terminal to which the three primary color signals are 
supplied independently. 

[0182] Also, FIG. 18 is a block diagram showing a display 
device in which the digitally-converted three primary color 
signals of red (R), green (G), blue (B), for example, are 
respectively gamma-corrected according to a fifteenth 
embodiment of the present invention. Incidentally, in FIG. 
18, the circuit arrangement provided ahead of the converting 
circuit 6 is omitted for convenience sake of sheets of 
drawings, and the arrangement of this portion is similar to 
that of FIG. 16. 

[0183] Referring to FIG. 18, the luminance signal (Y) and 
the two color-difference signals (R-Y), (B-Y) from the 
above-mentioned change-over switches 3Y, 3R, 3B (not 
shown) are each supplied to a converting circuit 6. Further, 
the three primary color signal of red (R), green (G), blue (B), 
for example, thus converted by this converting circuit 6 are 
respectively supplied to change-over switches 14R, 14G, 
14B, in which they are switched from signals from an RGB 
input terminal 15 to which three primary color signals 
(R/G/B), for example, are supplied independently. 

[0184] The three primary color signals (R/G/B) from the 
change-over switches 14R, 14G, 14B are respectively sup- 
plied to A/D converting circuits 7R, 7G, 7B. Further, the 
thus digitally-converted three primary color signals (R/G/B) 
in the A/D converting circuits 7R, 7G, 7B are respectively 
supplied to change-over switches 18R, 18G, 18B, in which 
they are switched from signals from RGB digital input 
terminals 19 to which the digitally-converted three primary 
color signals (R/G/B) are supplied independently. Also, the 
digital three primary color signals (R/G/B) from the change- 
over switches 18R, 18G, 18B are respectively supplied to 
correction means (digital signal processors«DSP) 16R, 16 G, 
16B having gamma correction curves or the like controlled 
by an output control digital signal from a digital control 
circuit 17 which will be described later on. 

[0185] Here, the digital signal processors (DSP) 16R, 
16G, 16B are controlled by the output control digital signal 
from the digital control circuit 17, which will be described 



later on, in such a manner that gamma correction charac- 
teristic curves between input and output thereof are con- 
trolled as shown in FIG. 2, for example. Specifically, the 
digital signal processors 16R, 16G, 16B are controlled in 
such a manner that the intermediate signal level of the 
gamma correction curve between input and output is 
increased from approximately a straight line in response to 
the magnitude of the output control digital signal as shown 
by an arrow in FIG. 2, for example. The three primary color 
signals (R/G/B) from these digital signal processors (DSP) 
16R, 16G, 16B are supplied to a display device 8 such as a 
plasma display or a liquid-crystal display. 

[0186] Also, the digital three primary color signals (R/G/ 
B) from the above-mentioned change-over switches 18R, 
18G, 18B are supplied to a digital luminance signal gener- 
ating circuit 12D. Here, the digital three primary color 
signals (R/G/B) derived from the change-over switches 18R, 
18G, 18B are digital signals in which a sampling frequency, 
for example, is 30 MHz and a quantization bit number is 8 
bits (quantization value ranges from 0 to 255). Accordingly, 
the above-mentioned luminance signal generating circuit 
12D generates a luminance signal (Y: digital value) by 
adding the three primary color signals (R/G/B) of the digital 
values with a predetermined ratio, e.g. with a ratio of 
Y=0.30R+0.59G+0.11B in the case of the NTSC system. 

[0187] Further, the thus generated luminance signal (Y: 
digital value) is supplied to a comparing circuit 9, which 
compares a supplied luminance signal with an arbitrary 
reference level, e.g. quantization value 100, and thereby 
converted into a square -wave signal which goes to "0" when 
it is higher than the reference level and which goes to "1" 
when it is lower than the reference level. Then, an integrat- 
ing circuit 10 integrates this square-wave signal to generate 
a signal indicative of the average luminance level of the 
above-mentioned luminance signal (Y). Then, the signal 
indicative of the average luminance level from this integrat- 
ing circuit 10 is supplied to the digital control circuit 17 
which then generates the output control digital-signal to 
control the above-mentioned digital signal processors (DSP) 
16R, 16G, 16B. Further, the output control digital signal 
generated at this digital control circuit 17 is supplied to the 
digital signal processors (DSP) 16R, 16G, 16B. 

[0188] As described above, according to this display 
device, the luminance signal (Y: digital value) is generated 
from the digital three primary color signals (R/G/B) supplied 
from the A/D converting circuits 7R, 7G, 7B or the RGB 
input terminals 19 through the change-over switches 18R, 
18G, 18B. The average luminance level of this luminance 
signal (Y) is measured by the measuring means comprising 
the comparing circuit 9 and the integrating circuit 10. 
Further, the output control digital signal corresponding to 
the average luminance level measured by this measuring 
means is generated by the digital control circuit 17 and then 
supplied to the digital signal processors (DSP) 16R, 16G, 
16B. Then, the gamma correction curves and the like of the 
above-mentioned digital signal processors (DSP) 16R, 16G, 
16B are feedforward -controlled in such a manner that the 
gamma correction between input and output becomes 
approximately a straight line when the average luminance 
level, for example, is large and that the intermediate signal 
level is increased, for example, when the average luminance 
level becomes small. 
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[0189] Accordingly, since this display device includes the 
measuring means for measuring the average luminance level 
of the video signal to be displayed and the gamma correction 
means for each of three primary color signals controlled by 
the output control signal from this measuring means, the 
gamma correction curves for the three primary color signals 
are respectively controlled in response to the average lumi- 
nance level of the video signal to be displayed, whereby the 
intermediate luminance level increases in the scene in which 
a luminance level of an object is low to thereby make an 
image of a dark scene become easy to see. At the same time, 
in that case, since the maximum output of the video signal 
is held at the constant level, even in the scene in which one 
portion is bright in the whole of the dark object, a gradation 
of bright portion may be expressed satisfactorily. Since the 
digital processing is used, a more complex correction 
matched with the characteristics of the respective signals or 
the like may be carried out. At the same time, the display 
device according to this embodiment can cope with the RGB 
input terminals to which the three primary color signals are 
supplied independently. 

[0190] Further, FIG. 19 is a block diagram showing a 
display device in which the digitally-converted three pri- 
mary color signals of red (R), green (G), blue (B), for 
example, are respectively gamma-corrected according to a 
sixteenth embodiment of the present invention. Incidentally, 
also in FIG. 19, the circuit arrangement provided ahead of 
the converting circuit 6 is omitted for convenience sake of 
sheets of drawings, and the arrangement of this portion is 
similar to that of FIG. 16. 

[0191] As shown in FIG. 19, the luminance signal (Y) and 
the two color-difference signals (R-Y), (B-Y) from the 
above-mentioned change-over switches 3Y, 3R, 3B (not 
shown) are each supplied to a converting circuit 6. Further, 
the three primary color signal of red (R), green (G), blue (B), 
for example, thus converted by this converting circuit 6 are 
respectively supplied to change-over switches 14R, 14G, 
14B, in which they are respectively switched from signals 
from an RGB input terminal 15 to which three primary color 
signals (R/G/B), for example, arc respectively supplied 
independently. 

[0192] The three primary color signals (R/G/B) from the 
change-over switches 14R, 14G, 14B are respectively sup- 
plied to A/D converting circuits 7R, 7G, 7B. Further, the 
thus digitally-converted three primary color signals (R/G/B) 
by the A/D converting circuits 7R, 7G, 7B are respectively 
supplied to change-over switches 18R, 18G, 18B, in which 
they are respectively switched from the signals from the 
RGB digital input terminals 19 to which the digitally- 
converted three primary color signals (R/G/B) are respec- 
tively supplied independently. Also, the digital three primary 
color signals (R/G/B) from the change-over switches 18R, 
18G, 18B are respectively supplied to correction means 
(digital signal processors=DSP) 16R, 16G, 16B having 
gamma correction curves or the like controlled by an output 
control digital signal from a digital control circuit 17 which 
will be described later on. 

[0193] Here, the digital signal processors (DSP) 16R, 
16G, 16B are controlled by the output control digital signal 
from the digital control circuit 17, which will be described 
later on, in such a manner that gamma correction charac- 
teristic curves between input and output thereof are con- 



trolled as shown in FIG. 2, for example. Specifically, the 
digital signal processors 16R, 16G, 16B controlled in such 
a manner that the intermediate signal level of the gamma 
correction curve between input and output is increased from 
approximately a straight line in response to the magnitude of 
the output control digital signal as shown by an arrow in 
FIG. 2, for example. Then, the three primary color signals 
(R/G/B) from these digital signal processors (DSP) 16R, 
16G, 16B are supplied to a display device 8 such as a plasma 
display or a liquid -crystal display. 

[0194] Also, the corrected three primary color signals 
(R/G/B) from the above-mentioned digital signal processors 
(DSP) 16R, 16 G, 16B are supplied to a digital luminance 
signal generating circuit 12D. Here, the three primary color 
signals (R/G/B) derived from the digital signal processors 
(DSP) 16R, 16G, 16B are digital signals in which a sampling 
frequency, for example, is 30 MHz and a quantization bit 
number is 8 bits (quantization value ranges from 0 to 255). 
Accordingly, the above-mentioned luminance signal gener- 
ating circuit 12D generates a luminance signal (Y: digital 
value) by adding the three primary color signals (R/G/B) of 
the digital values with a predetermined ratio, e.g. with a ratio 
of Y-0.30R+0.59G+0.11B in the case of the NTSC system. 

[0195] Further, the thus generated luminance signal (Y: 
digital value) is supplied to a comparing circuit 9, which 
compares a supplied luminance signal with an arbitrary 
reference level, e.g. quantization value 100, and thereby 
converted into a square-wave signal which goes to "0'* when 
it is higher than the reference level and which goes to "1" 
when it is lower than the reference level. Then, an integrat- 
ing circuit 10 integrates this square-wave signal to generate 
a signal (analog value) indicative of the average luminance 
level of the above-mentioned luminance signal (Y). Then, 
the signal indicative of the average luminance level from 
this integrating circuit 10 is supplied to the digital control 
circuit 17 which then generates the output control digital 
signal to control the above-mentioned digital signal proces- 
sors (DSP) 16R, 16G, 16B. Further, the output control 
digital signal generated at this digital control circuit 17 is 
supplied to the digital signal processors (DSP) 16R, 16G, 
16B. 

[0196] As described above, according to this display 
device, the luminance signal (Y: digital value) is generated 
from the digital three primary color signals (R/G/B) supplied 
from the A/D converting circuits 7R, 7G, 7B or the RGB 
input terminals 19 through the change-over switches 18R, 
18G, 18B. The average luminance level of this luminance 
signal (Y) is measured by the measuring means comprising 
the comparing circuit 9 and the integrating circuit 10. 
Further, the output control digital signal corresponding to 
the average luminance level measured by this measuring 
means is generated by the digital control circuit 17 and then 
supplied to the digital signal processors (DSP) 16R, 16 G, 
16B. Then, the gamma correction curves and the like of the 
above-mentioned digital signal processors (DSP) 16R, 16G, 
16B are feedback-controlled in such a manner that the 
gamma correction between input and output becomes 
approximately a straight line when the average luminance 
level, for example, is large and that the intermediate signal 
level is increased, for example, when the average luminance 
level becomes small. 

[0197] Accordingly, since this display device includes the 
measuring means for measuring the average luminance level 
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of the video signal to be displayed and the gamma correction 
means for respective three primary color signals controlled 
by the output control signal from this measuring means, the 
gamma correction curves for the three primary color signals 
are respectively controlled in response to the average lumi- 
nance level of the video signal to be displayed, whereby the 
intermediate luminance level increases in the scene in which 
a luminance level of an object is low to thereby make an 
image of a dark scene become easy to see. At the same time, 
in that case, since the maximum output of the video signal 
is held at the constant level, even in the scene in which one 
portion is bright in the whole of the dark object, a gradation 
of bright portion may be expressed satisfactorily. Since the 
digital processing is used, a more complex correction 
matched with the characteristics of the respective signals or 
the like may be carried out. At the same time, the display 
device according to this embodiment can cope with the RGB 
input terminals to which the three primary color signals are 
supplied independently. 

[0198] Incidentally, in the above-mentioned display 
devices, when the external circuit arrangement includes a 
sub-contrast adjustment and a luminance level adjustment, 
such extra gains thereof may be appropriated for the gain 
control in the above-mentioned dynamic gamma circuit. 
Thus, it is possible to realize a display device of a simpler 
arrangement inexpensively. 

[0199] Furthermore, the present invention is not limited 
the display device using the display means such as the 
plasma display or the liquid-crystal display, and may be 
applied to display devices using a cathode-ray tube and other 
display means. 

[0200] Therefore, according to the first invention, since 
the display device includes measuring means for measuring 
an average luminance level of the luminance signal supplied 
from the separating circuit or video signal input terminal or 
the three primary color signals supplied from the converting 
circuit or the primary color signal input terminals or the 
digitally-converted three primary color signals supplied 
from the A/D converting means or digital input terminals 
and gamma correction means having a gamma correction 
curve controlled by an output control signal from the mea- 
suring means, the gamma correction curve is controlled in 
response to the average luminance level of the video signal 
to be displayed. Therefore, the intermediate luminance level 
increases in the scene in which a luminance level of an 
object is low to thereby make an image of a dark scene 
become easy to see. At the same time, in that case, since the 
maximum output of the video signal is held at the constant 
level, even in the scene in which one portion is bright in the 
whole of the dark object, a gradation of bright portion may 
be expressed satisfactorily. 

[0201] The problems with which the related-art display 
device encounters are that an image becomes difficult to see 
in the scene in which the object luminance level is low and 
that when the whole contrast is increased, in the scene in 
which only one portion is bright in the whole of the dark 
object, for example, this bright portion becomes the so- 
called white compression so that the gradation of this 
portion cannot be expressed. According to the present inven- 
tion, it is possible to solve these problems with ease. 

[0202] Also, according to the second invention, the mea- 
suring means comprises a comparing means for being sup- 



plied with an analog luminance signal from the separating 
circuit or the video signal input terminals as an input and for 
comparing the analog luminance signal with a predeter- 
mined level, an integrating circuit for integrating an output 
from the comparing circuit and a control circuit for gener- 
ating the output control signal based on an integrated value 
from the integrating circuit. Thus, the analog luminance 
signal may be measured satisfactorily, and the satisfactory 
correction may be carried out. 

[0203] Further, according to the third invention, the mea- 
suring means comprises an analog luminance signal gener- 
ating circuit comprises for being supplied with analog three 
primary color signals supplied from the converting circuit or 
the primary color signal input terminals and for generating 
an analog luminance signal by adding the three primary 
color signals with a predetermined ratio, a comparing circuit 
for comparing the generated analog luminance signal with a 
predetermined level, an integrating circuit for integrating an 
output from the comparing circuit and a control circuit for 
generating the output control signal based on an integrated 
value from the integrating circuit. Thus, the analog three 
primary color signals may be measured satisfactorily, and 
the satisfactory correction may be carried out. 

[0204] Also, according to the fourth invention, the mea- 
suring means comprises a digital luminance signal generat- 
ing circuit for being supplied with the digitally-converted 
three primary color signals from the A/D converting means 
or the digital input terminals and for generating a digital 
luminance signal by adding the digitally-converted three 
primary color signals with a predetermined ratio, a compar- 
ing circuit for comparing the generated digital luminance 
signal with a predetermined level, an integrating circuit for 
integrating an output from the integrating circuit and a 
control circuit for generating the output control signal based 
on an integrated value from the integrating circuit. Thus, the 
digitally-converted three primary color signals may be mea- 
sured satisfactorily, and the satisfactory correction may be 
carried out. 

[0205] According to the fifth invention, since the gamma 
correction curve of the gamma correction means has a 
control characteristic such that the gamma correction curve 
becomes approximately a straight line when the level of the 
output control signal from the measuring means is large and 
that an intermediate signal level is increased as the level of 
the output control signal from the measuring means is 
lowered, the intermediate luminance level increases in the 
scene in which a luminance level of an object is low to 
thereby make an image of a dark scene become easy to see. 
At the same time, in that case, since the maximum output of 
the video signal is held at the constant level, even in the 
scene in which one portion is bright in the whole of the dark 
object, a gradation of bright portion may be expressed 
satisfactorily. 

[0206] Also, according to the sixth invention, since the 
gamma correction means is provided with respect to the 
analog luminance signal from the separating circuit or the 
video signal input terminal, the output control signal from 
the measuring means is generated based on the analog 
luminance signal from the separating circuit or the video 
signal input terminal and the gamma correction means is 
feedforward -controlled by the output control signal from the 
measuring means, the gamma correction curve is controlled 
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in response to the average luminance level of the video 
signal to be displayed. Thus, the intermediate luminance 
level increases in the scene in which a luminance level of an 
object is low to thereby make an image of a dark scene 
become easy to see. At the same time, in that case, since the 
maximum output of the video signal is held al the constant 
level, even in the scene in which one portion is bright in the 
whole of the dark object, a gradation of bright portion may 
be expressed satisfactorily. 

[0207] Further, according to the seventh invention, since 
the gamma correction means is provided with respect to the 
analog luminance signal from the separating circuit or the 
video signal input terminal, the output control signal from 
the measuring means is generated based on the analog 
luminance signal from the gamma correction means, and the 
gamma correction means is feedback-controlled by the 
output control signal from the measuring means, the gamma 
correction curve is controlled in response to the average 
luminance level of the video signal to be displayed. Thus, 
the intermediate luminance level increases in the scene in 
which a luminance level of an object is low to thereby make 
an image of a dark scene become easy to see. At the same 
time, in that case, since the maximum output of the video 
signal is held at the constant level, even in the scene in which 
one portion is bright in the whole of the dark object, a 
gradation of bright portion may be expressed satisfactorily. 

[0208] Further, according to the eighth invention, since the 
gamma correction means is provided with respect to the 
analog luminance signal from the separating circuit or the 
video signal input terminal, the output control signal from 
the measuring means is generated based on the analog these 
primary color signals outputted from the converting circuit 
and the gamma correction means is feedback-controlled by 
the output control signal from the measuring means, the 
gamma correction curve is controlled in response to the 
average luminance level of the video signal to be displayed. 
Thus, the intermediate luminance level increases in the 
scene in which a luminance level of an object is low to 
thereby make an image of a dark scene become easy to see. 
At the same time, in that case, since the maximum output of 
the video signal is held at the constant level, even in the 
scene in which one portion is bright in the whole of the dark 
object, a gradation of bright portion may be expressed 
satisfactorily. 

[0209] Further, according to the ninth invention, since the 
gamma correction means is provided with respect to the 
analog luminance signal from the separating circuit or the 
video signal input terminal, the output control signal from 
the measuring means is generated based on the digitally- 
converted three primary color signals outputted from the 
A/D converting means and the gamma correction means is 
feedback-controlled by the output control signal from the 
measuring means, the gamma correction curve is controlled 
in response to the average luminance level of the video 
signal to be displayed. Thus, the intermediate luminance 
level increases in the scene in which a luminance level of an 
object is low to thereby make an image of a dark scene 
become easy to see. At the same time, in that case, since the 
maximum output of the video signal is held at the constant 
level, even in the scene in which one portion is bright in the 
whole of the dark object, a gradation of bright portion may 
be expressed satisfactorily. 



[0210] Also, according to the tenth invention, since the 
gamma correction means is provided with respect to the 
analog luminance signal supplied from the separating circuit 
or the video signal input terminal, color gain control means 
is provided in order to control levels of two color-difference 
signals comprising the video signal in response to the 
measured average luminance level, the output control signal 
from the measuring means is generated based on the analog 
luminance signal supplied from the separating circuit or the 
video signal input terminal and the gamma correction means 
and the color gain control means are feedforward-controlled 
by the output control signal from the measuring means, the 
gamma correction curve and the color gain are controlled in 
response to the average luminance level of the video signal 
to be displayed. Thus, the intermediate luminance level 
increases in the scene in which a luminance level of an 
object is low to thereby make an image of a dark scene 
become easy to see. At the same time, in that case, since the 
maximum output of the video signal is held at the constant 
level, even in the scene in which one portion is bright in the 
whole of the dark object, a gradation of bright portion may 
be expressed satisfactorily. Moreover, the color gain may be 
controlled satisfactorily in response to the change of this 
luminance level. 

[0211] Further, according to the eleventh invention, since 
the gamma correction means is provided with respect to the 
analog luminance signal supplied from the separating circuit 
or the video signal input terminal, color gain control means 
is provided in order to control levels of two color-difference 
signals comprising the video signal in response to the 
measured average luminance level, the output control signal 
from the measuring means is generated based on the analog 
luminance signal supplied from the gamma correction 
means and the gamma correction means and the color gain 
control means are feedback-controlled by the output control 
signal from the measuring means, the gamma correction 
curve and the color gain are controlled in response to the 
average luminance level of the video signal to be displayed. 
Thus, the intermediate luminance level increases in the 
scene in which a luminance level of an object is low to 
thereby make an image of a dark scene become easy to see. 
At the same time, in that case, since the maximum output of 
the video signal is held at the constant level, even in the 
scene in which one portion is bright in the whole of the dark 
object, a gradation of bright portion may be expressed 
satisfactorily. Moreover, the color gain may be controlled 
satisfactorily in response to the change of this luminance 
level. 

[0212] Further, according to the twelfth invention, since 
the gamma correction means is provided with respect to the 
analog luminance signal supplied from the separating circuit 
or the video signal input terminal, color gain control means 
is provided in order to control levels of two color-difference 
signals comprising the video signal in response to the 
measured average luminance level, the output control signal 
from the measuring means is generated based on the analog 
three primary color signals outputted from the converting 
means, and the gamma correction means and the color gain 
control means are feedback-controlled by the output control 
signal from the measuring means, the gamma correction 
curve and the color gain are controlled in response to the 
average luminance level of the video signal to be displayed. 
Thus, the intermediate luminance level increases in the 
scene in which a luminance level of an object is low to 



03/20/2003, EAST Version: 1.03.0002 



US 2002/0033830 Al 



21 



Mar. 21, 2002 



thereby make an image of a dark scene become easy to see. 
At the same time, in that case, since the maximum output of 
the video signal is held at the constant level, even in the 
scene in which one portion is bright in the whole of the dark 
object, a gradation of bright portion may be expressed 
satisfactorily. Moreover, the color gain may be controlled 
satisfactorily in response to the change of this luminance 
level. 

[0213] Further, according to the thirteenth invention, since 
the gamma correction means is provided with respect to the 
analog luminance signal supplied from the separating circuit 
or the video signal input terminal, color gain control means 
is provided in order to control levels of two color-difference 
signals comprising the video signal in response to the 
measured average luminance level, the output control signal 
from the measuring means is generated based on the digi- 
tally-converted three primary color signals outputted from 
the A/D converting means and the gamma correction means 
and the color gain control means are feedback-controlled by 
the output control signal from the measuring means, the 
gamma correction curve and the color gain are controlled in 
response to the average luminance level of the video signal 
to be displayed. Thus, the intermediate luminance level 
increases in the scene in which a luminance level of an 
object is low to thereby make an image of a dark scene 
become easy to see. At the same time, in that case, since the 
maximum output of the video signal is held at the constant 
level, even in the scene in which one portion is bright in the 
whole of the dark object, a gradation of bright portion may 
be expressed satisfactorily. Moreover, the color gain may be 
controlled satisfactorily in response to the change of this 
luminance level. 

[0214] According to the fourteenth invention, since the 
gamma correction means are respectively provided with 
respect to the three primary color signals outputted from the 
converting circuit, the output control signal from the mea- 
suring means is generated based on the analog luminance 
signal supplied from the separating circuit or the video 
signal input terminal and the gamma correction means are 
respectively feedforward-controlled by the output control 
signal from the measuring means, the gamma correction 
curves of the three primary color signals are respectively 
controlled in response to the average luminance level of the 
video signal to be displayed. Thus, the intermediate lumi- 
nance level increases in the scene in which a luminance level 
of an object is low to thereby make an image of a dark scene 
become easy to see. At the same time, in that case, since the 
maximum output of the video signal is held at the constant 
level, even in the scene in which one portion is bright in the 
whole of the dark object, a gradation of bright portion may 
be expressed satisfactorily, and a more accurate correction 
may be carried out. 

[0215] Also, according to the fifteenth invention, since the 
gamma correction means are respectively provided with 
respect to the three primary color signals outputted from the 
converting circuit or the primary color signal input termi- 
nals, the output control signal from the measuring means is 
generated based on the analog three primary color signals 
supplied from the converting circuit or the primary color 
signal input terminals and the gamma correction means are 
respectively feedforward-controlled by the output control 
signal from the measuring means, the gamma correction 
curves of the three primary color signals are respectively 



controlled in response to the average luminance level of the 
video signal to be displayed. Thus, the intermediate lumi- 
nance level increases in the scene in which a luminance level 
of an object is low to thereby make an image of a dark scene 
become easy to see. At the same time, in that case, since the 
maximum output of the video signal is held at the constant 
level, even in the scene in which one portion is bright in the 
whole of the dark object, a gradation of bright portion may 
be expressed satisfactorily, and a more accurate correction 
may be carried out. Also, the display device according to the 
fifteenth invention may cope with the RGB input terminals 
to which the three primary color signals are supplied inde- 
pendently. 

[0216] Further, according to the sixteenth invention, since 
the gamma correction means are respectively provided with 
respect to the three primary color signals supplied from the 
converting circuit or the primary color signal input termi- 
nals, the output control signal from the measuring means is 
generated based on the analog three primary color signals 
outputted from the gamma correction means and the gamma 
correction means are respectively feedback-controlled by 
the output control signal from the measuring means, the 
gamma correction curves of the three primary color signals 
are respectively controlled in response to the average lumi- 
nance level of the video signal to be displayed. Thus, the 
intermediate luminance level increases in the scene in which 
a luminance level of an object is low to thereby make an 
image of a dark scene become easy to see. At the same time, 
in that case, since the maximum output of the video signal 
is held at the constant level, even in the scene in which one 
portion is bright in the whole of the dark object, a gradation 
of bright portion may be expressed satisfactorily, and a more 
accurate correction may be carried out. Also, the display 
device according to the sixteenth invention may cope with 
the RGB input terminals to which the three primary color 
signals are supplied independently. 

[0217] Further, according to the seventeenth invention, 
since the gamma correction means are respectively provided 
with respect to the three primary color signals supplied from 
the converting circuit or the primary color signal input 
terminals, the output control signal from the measuring 
means is generated based on the digitally-converted three 
primary color signals outputted from the A/D converting 
means and the gamma correction means are respectively 
feedback-controlled by the output control signal from said 
measuring means, the gamma correction curves of the three 
primary color signals are respectively controlled in response 
to the average luminance level of the video signal to be 
displayed. Thus, the intermediate luminance level increases 
in the scene in which a luminance level of an object is low 
to thereby make an image of a dark scene become easy to 
see. At the same time, in that case, since the maximum 
output of the video signal is held at the constant level, even 
in the scene in which one portion is bright in the whole of 
the dark object, a gradation of bright portion may be 
expressed satisfactorily, and a more accurate correction may 
be carried out. Also, the display device according to the 
seventeenth invention may cope with the RGB input termi- 
nals to which the three primary color signals are supplied 
independently. 

[0218] Further, according to the eighteenth invention, 
since the gamma correction means are respectively provided 
with respect to the digitally-converted three primary color 
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signals output ted from the A/D converting means, the output 
control signal from the measuring means is generated based 
on the analog luminance signal supplied from the separating 
circuit or the video signal input terminals and the gamma 
correction means are respectively feedforward -controlled by 
the output control signal from the measuring means, the 
gamma correction curves of the three primary color signals 
are respectively controlled in response to the average lumi- 
nance level of the video signal to be displayed, for example. 
Thus, the intermediate luminance level increases in the 
scene in which a luminance level of an object is low to 
thereby make an image of a dark scene become easy to see. 
At the same time, in that case, since the maximum output of 
the video signal is held at the constant level, even in the 
scene in which one portion is bright in the whole of the dark 
object, a gradation of bright portion may be expressed 
satisfactorily. Also, since the digital processing is used, a 
more complex correction matched with the characteristics of 
the respective signals or the like may be carried out. More- 
over, the display device according to the eighteenth inven- 
tion may cope with the RGB input terminals to which the 
three primary color signals are supplied independently. 

[0219] Further, according to the nineteenth invention, 
since the gamma correction means are respectively provided 
with respect to the digitally-converted three primary color 
signals outputted from the A/D converting means, the output 
control signal from the measuring means is generated based 
on the analog three primary color signals supplied from the 
converting circuit or the primary color input terminals and 
the gamma correction means are respectively feedforward- 
controlled by the output control signal from said measuring 
means, the gamma correction curves of the three primary 
color signals are respectively controlled in response to the 
average luminance level of the video signal to be displayed. 
Thus, the intermediate luminance level increases in the 
scene in which a luminance level of an object is low to 
thereby make an image of a dark scene become easy to see. 
At the same time, in that case, since the maximum output of 
the video signal is held at the constant level, even in the 
scene in which one portion is bright in the whole of the dark 
object, a gradation of bright portion may be expressed 
satisfactorily. Also, since the digital processing is used, a 
more complex correction matched with the characteristics of 
the respective signals or the like may be carried out. More- 
over, the display device according to the nineteenth inven- 
tion may cope with the RGB input terminals to which the 
three primary color signals are supplied independently. 
[0220] Further, in accordance with the twentieth inven- 
tion, since the gamma correction means are respectively 
provided with respect to the digit ally -converted three pri- 
mary color signals supplied from the A/D converting means 
or the digital input terminals, the output control signal from 
the measuring means is generated based on the digitally- 
converted three primary color signals supplied from the A/D 
converting means or the digital input terminals and the 
gamma correction means are respectively feedforward-con- 
trolled by the output control signal from the measuring 
means, the gamma correction curves of the three primary 
color signals are respectively controlled in response to the 
average luminance level of the video signal to be displayed. 
Thus, the intermediate luminance level increases in the 
scene in which a luminance level of an object is low to 
thereby make an image of a dark scene become easy to see. 
At the same time, in that case, since the maximum output of 



the video signal is held at the constant level, even in the 
scene in which one portion is bright in the whole of the dark 
object, a gradation of bright portion may be expressed 
satisfactorily. Also, since the digital processing is used, a 
more complex correction matched with the characteristics of 
the respective signals or the like may be carried out. More- 
over, the display device according to the twentieth invention 
may cope with the RGB input terminals and the digital RGB 
input terminals to which the three primary color signals are 
supplied independently. 

[0221] Furthermore, in accordance with the twenty-first 
invention, since the gamma correction means are respec- 
tively provided with respect to the three primary color 
signals supplied from the A/D converting means or the 
digital input terminals, the output control signal from the 
measuring means is generated based on the digital three 
primary color signals outputted from the gamma correction 
means and the gamma correction means are respectively 
feedback-controlled by the output control signal from the 
measuring means, the gamma correction curves of the three 
primary color signals are respectively controlled in response 
to the average luminance level of the video signal to be 
displayed. Thus, the intermediate luminance level increases 
in the scene in which a luminance level of an object is low 
to thereby make an image of a dark scene become easy to 
see. At the same time, in that case, since the maximum 
output of the video signal is held at the constant level, even 
in the scene in which one portion is bright in the whole of 
the dark object, a gradation of bright portion may be 
expressed satisfactorily. Also, since the digital processing is 
used, a more complex correction matched with the charac- 
teristics of the respective signals or the like may be carried 
out. Moreover, the display device according to the twenty- 
first invention may cope with the RGB input terminals and 
the digital RGB input terminals to which the three primary 
color signals are supplied independently, 

[0222] Having described preferred embodiments of the 
invention with reference to the accompanying drawings, it is 
to be understood that the invention is not limited to those 
precise embodiments and that various changes and modifi- 
cations could be effected therein by one skilled in the art 
without departing from the spirit or scope of the invention as 
defined in the appended claims. 

What is claimed is: 

1. A display device including a separating circuit for 
separating a video signal inputted in the form of an analog 
signal to provide a luminance signal and color-difference 
signals or video signal input terminals to which said lumi- 
nance signal and said color-difference signals are supplied 
separately, a converting circuit for converting said lumi- 
nance signal and said color difference signals into three 
primary color signals or primary color signal input terminals 
to which said three primary color signals are supplied 
independently, and an A/D converting means for converting 
said three primary color signals in the form of analog to 
digital signals or digital input terminals to which said 
digitally-converted three primary color signals are supplied 
independently, comprising: 

a measuring means for measuring an average luminance 
level of said luminance signal supplied from said 
separating circuit or video signal input terminal or said 
three primary color signals supplied from said convert- 
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ing circuit or said primary color signal input terminals 
or said digitally-converted three primary color signals 
supplied from said A/D converting means or digital 
input terminals; and 

a gamma correction means having a gamma correction 
curve controlled by an output control signal from said 
measuring means. 

2. A display device as claimed in claim 1, wherein said 
measuring means comprises a comparing circuit for being 
supplied with an analog luminance signal from said sepa- 
rating circuit or said video signal input terminals as an input 
and for comparing said analog luminance signal with a 
predetermined level, an integrating circuit for integrating an 
output from said comparing circuit, and a control circuit for 
generating said output control signal based on an integrated 
value from said integrating circuit. 

3. A display device as claimed in claim 1, wherein said 
measuring means comprises an analog luminance signal 
generating circuit for being supplied with analog three 
primary color signals from said converting circuit or said 
primary color signal input terminals as an input and for 
generating an analog luminance signal by adding said three 
primary color signals with a predetermined ratio, a compar- 
ing circuit for comparing said generated analog luminance 
signal with a predetermined level, an integrating circuit, for 
integrating an output from said comparing circuit and a 
control circuit for generating said output control signal 
based on an integrated value from said integrating circuit. 

4. A display device as claimed in claim 1, wherein said 
measuring means comprises a digital luminance signal gen- 
erating circuit for being supplied with said digitally-con- 
verted three primary color signals from said A/D converting 
means or said digital input terminals as an input and for 
generating a digital luminance signal by adding said digi- 
tally-converted three primary color signals with a predeter- 
mined ratio, a comparing circuit for comparing said gener- 
ated digital luminance signal with a predetermined level, an 
integrating circuit for integrating an output from said com- 
paring circuit, and a control circuit for generating said output 
control signal based on an integrated value from said inte- 
grating circuit. 

5. A display device as claimed in claim 1, wherein said 
gamma correction curve of said gamma correction means 
has a control characteristic such that said gamma correction 
curve becomes approximately a straight line when the level 
of the output control signal from said measuring means is 
large and that an intermediate signal level is increased as 
said level of the output control signal from said measuring 
means is lowered. 

6. A display device as claimed in claim 1, wherein said 
gamma correction means is provided with respect to the 
analog luminance signal supplied from said separating cir- 
cuit or said video signal input terminals, said output control 
signal from said measuring means is generated based on the 
analog luminance signal supplied from said separating cir- 
cuit or said video signal input terminal, and said gamma 
correction means is feedforward-controlled by the output 
control signal from said measuring means. 

7. A display device as claimed in claim 1, wherein said 
gamma correction means is provided with respect to the 
analog luminance signal supplied from said separating cir- 
cuit or said video signal input terminal, said output control 
signal from said measuring means is generated based on the 
analog luminance signal outputted from said gamma cor- 



recting means, and said gamma correction means is feed- 
back-controlled by the output control signal from said 
measuring means. 

8. A display device as claimed in claim 1, wherein said 
gamma correction means is provided with respect to the 
analog luminance signal from said separating circuit or said 
video signal input terminal, said output control signal from 
said measuring means is generated based on the analog three 
primary color signals outputted from said converting circuit, 
and said gamma correction means is feedback-controlled by 
the output control signal from said measuring means. 

9. A display device as claimed in claim 1, wherein said 
gamma correction means is provided with respect to the 
analog luminance signal supplied from said separating cir- 
cuit or said video signal input terminal, said output control 
signal from said measuring means is generated based on the 
digitally-converted three primary color signals outputted 
from said A/D converting means, and said gamma correction 
means is feedback-controlled by the output control signal 
from said measuring means. 

10. A display device as claimed in claim 1, wherein said 
gamma correction means is provided with respect to the 
analog luminance signal supplied from said separating cir- 
cuit or said video signal input terminal, a color gain control 
means is further provided in order to control levels of two 
color-difference signals comprising said video signal in 
response to said measured average luminance level, the 
output control signal from said measuring means is gener- 
ated based on the analog luminance signal supplied from 
said separating circuit or said video signal input terminals, 
and said gamma correction means and said color gain 
control means are feedforward-controlled by the output 
control signal from said measuring means. 

11. A display device as claimed in claim 1, wherein said 
gamma correction means is provided with respect to the 
analog luminance signal supplied from said separating cir- 
cuit or said video signal input terminal, a color gain control 
means is further provided in order to control levels of two 
color-difference signals comprising said video signal in 
response to said measured average luminance level, the 
output control signal from said measuring means is gener- 
ated based on the analog luminance signal outputted from 
said gamma correction means and said gamma correction 
means, and said color gain control means are feedback- 
controlled by the output control signal from said measuring 
means. 

12. A display device as claimed in claim 1, wherein said 
gamma correction means is provided with respect to the 
analog luminance signal supplied from said separating cir- 
cuit or said video signal input terminals, a color gain a 
control means is further provided in order to control levels 
of two color-difference signals comprising said video signal 
in response to said measured average luminance level, the 
output control signal from said measuring means is gener- 
ated based on the analog three primary color signals out- 
putted from said converting means and said gamma correc- 
tion means, and said color gain control means are feedback- 
controlled by the output control signal from said measuring 
means. 

13. A display device as claimed in claim 1, wherein said 
gamma correction means is provided with respect to the 
analog luminance signal supplied from said separating cir- 
cuit or said video signal input terminals, a color gain control 
means is further provided in order to control levels of two 
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color-difference signals comprising said video signal in 
response to said measured average luminance level, the 
output control signal from said measuring means is gener- 
ated based on the digitally-converted three primary color 
signals outputted from said A/D converting means, and said 
gamma correction means, and said color gain control means 
are feedback-controlled by the output control signal from 
said measuring means. 

14. A display device as claimed in claim 1, wherein said 
gamma correction means are respectively provided with 
respect to the three primary color signals outputted from said 
converting circuit, the output control signal from said mea- 
suring means is generated based on the analog luminance 
signal supplied from said separating circuit or said video 
signal input terminal, and said gamma correction means are 
respectively feedforward-controlled by the output control 
signal from said measuring means. 

15. A display device as claimed in claim 1, wherein said 
gamma correction means are respectively provided with 
respect to the three primary color signals outputted from said 
converting circuit or said primary color signal input termi- 
nals, the output control signal from said measuring means is 
generated based on the analog three primary color signals 
supplied from said converting circuit or said primary color 
signal input terminals, and said gamma correction means are 
respectively feedforward-controlled by the output control 
signal from said measuring means. 

16. A display device as claimed in claim 1, wherein said 
gamma correction means are respectively provided with 
respect to the three primary color signals supplied from said 
converting circuit or said primary color signal input termi- 
nals, the output control signal from said measuring means is 
generated based on the analog three primary color signals 
outputted from said gamma correction means, and said 
gamma correction means are respectively feedback-con- 
trolled by the output control signal from said measuring 
means. 

17. A display device as claimed in claim 1, wherein said 
gamma correction means are respectively provided with 
respect to the three primary color signals supplied from said 
converting circuit or said primary color signal input termi- 
nals, the output control signal from said measuring means is 
generated based on the digitally-converted three primary 
color signals outputted from said A/D converting means, and 



said gamma correction means are respectively feedback- 
controlled by the output control signal from said measuring 
means. 

18. A display device as claimed in claim 1, wherein said 
gamma correction means are respectively provided with 
respect to the digitally-converted three primary color signals 
outputted from said A/D converting means, the output 
control signal from said measuring means is generated based 
on the analog luminance signal supplied from said separat- 
ing circuit or said video signal input terminal, and said 
gamma correction means are respectively feedforward-con- 
trolled by the output control signal from said measuring 
means. 

19, A display device as claimed in claim 1, wherein said 
gamma correction means are respectively provided with 
respect to the digitally-converted three primary color signals 
outputted from said A/D converting means, the output 
control signal from said measuring means is generated based 
on the analog three primary color signals supplied from said 
converting circuit or said primary color input terminals, and 
said gamma correction means are respectively feedforward- 
controlled by the output control signal from said measuring 
means. 

20, A display device as claimed in claim 1, wherein said 
gamma correction means are respectively provided with 
respect to the digitally-converted three primary color signals 
supplied from said A/D converting means or said digital 
input terminals, the output control signal from said measur- 
ing means is generated based on the digitally-converted 
three primary color signals supplied from said A/D convert- 
ing means or said digital input terminals, and said gamma 
correction means are respectively feedforward -controlled by 
the output control signal from said measuring means. 

21. A display device as claimed in claim 1, wherein said 
gamma correction means are respectively provided with 
respect to the three primary color signals supplied from said 
A/D converting means or said digital input terminals, the 
output control signal from said measuring means is gener- 
ated based on the digital three primary color signals output- 
ted from said gamma correction means, and said gamma 
correction means are respectively feedback-controlled by 
the output control signal from said measuring means. 

* * * * * 
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